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ABTRACT 
 
With the advent of sequencing projects in model organisms, humans, and 
domesticated livestock species, the need for storage, retrieval, and analysis of genomics 
information for these animals has become important.  The Animal Trait Ontology (ATO) is 
an ontology that has been created to store the relationships between farm animal traits for 
several domesticated farm animals.  The Collaborative Ontology Building (COB) editor was 
used to create and edit the ATO.  An online ontology browser has been developed to search 
and browse the ontology and to view the relationships between the terms.  Some of the traits 
in the ontology are linked to associated quantitative trait loci (QTL) information for each 
species through a tool called the Comparative Animal QTL (CAQ) tool which allows users to 
compare QTL experiments in livestock species.  The tool allows QTL experiments to be 
compared based on 1) one trait given one species, and 2) two traits given one species.  The 
effectiveness of the tool is recorded in the form of a data and statistical analysis which 
demonstrates its use in examining pleiotropic effects for traits in the pig.  In addition, the 
Human and Animal Trait Ontology is discussed and it will form an agglomeration of several 
different species ontologies, including the ATO, that will form a consensus for describing 
phenotypes and traits across different disease models. 
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CHAPTER 1.  GENERAL INTRODUCTION 
1.1 Introduction 
 The improvement of livestock traits is a major research area that animal scientist have 
been tackling for several years.   The improvement of traits, such as reproduction, offers cost 
effective means for producing livestock.  The study of Quantitative Trait Loci (QTL), which 
are regions of a genome which affect specific traits, is a major component of this research.  
The discovery of QTL associated with particular traits aids in the targeting of specific 
genomic areas that affect traits of interest. 
 Computational methods have been implemented in recent years that can help improve 
our understanding of livestock traits.  One such method is ontologies that help to identify and 
formally define the entities and relationships in specific domains of interest.  Bio-ontologies, 
in particular, play a central role in annotating, integrating, analyzing, and interpreting 
biological data.  The Animal Trait Ontology (ATO) has been created to perform this task in 
livestock species.  In addition, the ATO will help standardize traits associated with the 
livestock species, contributing a standard vocabulary for describing trait information in 
livestock species.  The Human and Animal Trait (HAT) Ontology is an agglomeration of 
several different species ontologies that will form a consensus for describing phenotypes and 
traits across different disease models in several species beyond that of just livestock species. 
            The combination of the biological and computational methods is important in mining 
the biological data and making inferences about the results.  The Comparative Animal QTL 
(CAQ) tool has been created to link the trait information in the ATO to associated QTL 
information. The tool allows QTL experiments to be compared based on 1) one trait given 
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one species, and 2) two traits given one species.  The ATO, HAT, and CAQ will enhance our 
understanding of the genetic cause of traits associated with livestock species. 
1.2 Dissertation Organization 
This dissertation contains three separate manuscripts.  Each individual manuscript 
contains an Abstract, Introduction, Materials and Methods, Results, Discussion, and Reference 
section.  The Ph.D. candidate LaRon Hughes, is the first author for each manuscript.  The first 
manuscript is entitled “Animal Trait Ontology (ATO): The importance and usefulness of a 
unified trait vocabulary for animal species” and it has been submitted to the Journal of Animal 
Science.  The second manuscript which has yet to be submitted for publication is entitled 
“Human and Animal Trait Ontology (HAT): The importance and usefulness of a unified trait 
vocabulary for mammalian species.”  The third manuscript is entitled “Comparative Animal 
QTL Tool: A tool for comparative QTL analysis in livestock animal genomics” and has yet to be 
submitted for publication.  The dissertation also includes a General Conclusions chapter, along 
with five sections in the Appendix. 
For the first manuscript, the contributions of the authors is as follows: LaRon Hughes 
was the primary researcher and author, under the direction of J.M. Reecy and V. Honavar.  The 
development of the Collaborative Ontology Building (COB) editor was done by J. Bao.  The 
initial development of the Animal Trait Ontology (ATO) was performed by Z-L. Hu.  For the 
second manuscript, LaRon Hughes was the primary researcher and author, under the direction of 
J.M. Reecy.  The publication involved collaborative work between M. Shimoyama, J.T. Eppig, 
and M.A. Bogue who are from the Rat Genome Database, Mouse Genome Informatics, and 
Mouse Phenome Database, respectively.  The third manuscript involved contributions from 
LaRon Hughes, the primary researcher and author.  He was under the direction J.M. Reecy and 
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V. Honavar.  In addition, the interface for the Collaborative Ontology Building tool was 
developed by N. Koul and Z-L. Hu was involved with the development of the AnimalQTLdb. 
1.3 Literature Review 
1.3.1 Quantitative Trait Loci Concepts 
Quantitative traits involve the inheritance of phenotypic characteristics that can be 
attributed to interactions between environmental factors and one or more genes.  Quantitative 
trait loci (QTL) are regions of the genome that are associated with traits of interest.  A QTL 
is located at a particular location within the genome (locus) and contains two or more alleles, 
which are associated with variation in a phenotype of interest.  Furthermore, there can be an 
environmental by genotype interaction, which can influence an animal’s phenotype.  The 
main goal of QTL mapping is to identify chromosomal regions that have a substantial affect 
on the variation of quantitative traits in a population [1] with the ultimate goal of determining 
the molecular mechanisms that control traits of interest.  The difficulties associated with 
finding QTL that affect complex traits are numerous.  However, the benefits of QTL 
mapping to molecular biology are huge due to bridging the gap between phenotypic and 
genotypic information. 
 There are several advantages to using domesticated animals in QTL detection.  Those 
advantages include phenotypes such as coat color that have been closely monitored for 
thousands of years, phenotypic changes that have been recorded, genetic adaptation to 
several different environments, huge collections of mutations that are associated with 
phenotypic traits, different breeds of domestic animals are in several cases as phenotypically 
diverse as separate species, and sequence divergence is void in these new species due to their 
recent origin (unlike humans and chimpanzees which diverged millions of year ago) [2]. 
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1.3.2 Resources for phenotypic trait information 
There are several projects that store phenotypic trait information in centrally located 
databases.  Curators are responsible for populating these databases manually or through 
automated text mining.  The databases are filled with experimental information from QTL 
studies, single nucleotide polymorphisms (SNPs) experiments, and RNA interference (RNAi) 
studies.  The databases also include other information such as assembly predictions, mRNA 
sequences; expressed sequence tags (ESTs), comparative genomics, expression information, 
regulatory data, and variation data.  These databases span across several species including 
Homo sapiens, Gallus gallus, Bos Taurus and the following model organisms: Mus 
musculus, Rattus norvegicus, Caenorhabditis elegans, Drosophila 
melanogaster,Saccharomyces cerevisiae.  Some database examples include the Online 
Mendelian Inheritance in Man (OMIM), Rat Genome Database (RGD), and the Mouse 
Phenome Database (MPD) [3-5].   
 The QTL resources for livestock species are not as plentiful when compared to model 
organisms.  However, in recent years the significance of domestic farm animal genomics has 
been realized due to its impact on economically important traits (e.g. average daily gain and 
litter size), the contributions that can be made to human medicine, and insights into 
chromosomal evolution.  The sequencing of a few domestic animal genomes have been 
completed [6-8] or are being undertaken; such as the pig, and cattle.  Some other farm animal 
genome resources are already available to researchers; including the AnimalQTLdb, which 
houses QTL information for the pig, cattle, and chicken [9] and the bovine QTL viewer 
(which contains QTL information for cattle) [10]. 
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1.3.3 Phenotype vs. Trait 
In July of 2007, a meeting was held at the Jackson Laboratories in Bar Harbor, Maine 
to discuss the integration of several animal ontologies into a central ontology.  Participants 
represented the Rat Genome Database, the Mammalian Phenotype Ontology (MPO), the 
Mouse Phenome Database (MPD), and the Animal Trait Ontology (ATO) (in process).  The 
group met to discuss the future implementation of the Human and Trait Ontology (HAT) 
which would be a conglomeration of phenotypes and traits that are associated with the 
different consortium member databases.  One of the major topics of discussion involved the 
definition of phenotype and trait.  It was concluded that a trait is defined as an intervention 
that changes something that you measure.  A phenotype, on the other hand, is what quantifies 
(e.g. increase, decrease, abnormal) a trait.  For example, in describing diabetes, ‘insulin level’ 
would be a trait; while, ‘decreased insulin level’ would be a possible phenotype.  The disease 
level for this trait would be diabetes.  The disease level is ultimately what traits and 
phenotypes have an affect on.  The distinction between a phenotype and trait is instrumental 
in forming a standard for the annotation of HAT. 
1.3.4 Using ontologies to develop and explore biological domains 
An ontology is defined by Pim Borst as a formal specification of a shared 
conceptualization [11].  Ontologies, developed by the artificial intelligence community, 
provide a means of modeling domains by creating classes, relations, functions, formal 
axioms, and instances.  There are several types of ontologies, including top-level, domain, 
task, domain-task, method, and application [12].  One of the strengths of ontologies is their 
use beyond one domain or system.  Ontological reuse is a powerful feature that allows 
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different or similar domains to share related information.  This approach makes relationships 
that were not as evident before more visible, aiding in greater inference building abilities.  
The standard format for biological ontologies is the open biomedical ontologies 
(OBO) format [13].  This format was designed to meet the requirements of the biological 
community.  The OBO format shares some of the features of other ontology formats such as 
the web ontology language (OWL), but it allows the tracking of large amounts of meta-data 
which is data about data.  It also has a mechanism for history auditing.  The OBO format is 
composed of classes (e.g., tree) which are known as terms which model objects in the real 
world.  These classes are related to each other through relations (e.g. is_a, part_of, and 
has_part).  For example, for two classes ‘apple tree’ and ‘tree’, ‘apple tree’ is a subclass of 
‘tree’, forming the relationship, ‘maple’ is_a ‘tree’.Instances (e.g., apple tree on Seventh 
Street) are defined as concrete entities that realize a class.   
Ontology development for biological domains has become prevalent in recent years.  
The Gene Ontology (GO) [14] is the most widely used biological ontology.  It is composed 
of a controlled vocabulary that describes gene and gene products in any organism; it is 
composed of three sub ontologies (cellular component, biological process, and molecular 
function).  Other well known ontologies include the Mammalian Phenotype (MP) Ontology 
[15] which allows annotations of mammalian phenotypes in terms of mutation, QTL, and 
strains that are used as models for human disease, the Pharmacogenetics (PharmGKB) 
ontology [16] integrates taxonomies that are important to the field of pharmacogenetics, and 
the Unified Medical Language System (UMLS) [17] which contains information about 
biomedical and health related concepts.  Other biological ontologies can be found in the open 
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biomedical ontologies (OBO) repository at http://obo.sf.net.  The OBO repository houses 
OBO formatted ontologies.   
1.3.5 Ontology editors 
In order to develop ontologies, an editor must be used.  An ontology editor allows 
developers of ontologies to browse, edit, query, and visualize data in an ontology.  There are 
several ontological editors that have been developed.  One of the more general purpose 
ontology editors that is used by several domains is Protégé [18].  The OBO-Edit, formerly 
known as DAG-Edit, was created by the GO consortium and is useful for ontologies that use 
a directed acyclic graph (DAG) structure [14], which is indicative of OBO formatted 
ontologies.  As a result, several biological ontologies are edited with OBO-Edit.  Protégé and 
OBO-edit are currently the two main editors used for biological ontologies, but others do 
exist, such as COBrA [19].   
 The Collaborative Ontology Building (COB) editor was developed to allow 
researchers located in disparate locations to develop ontologies concurrently.  One of the 
novel features that it has is a package-extended approach.  This capability allows the creation 
of modules or classes that can be developed by several individuals based on concurrent 
permission standards.  The ATO will be the first widely used ontology to be developed using 
the COB editor [20].    
1.3.6 Ontology browsers 
            Once an ontology has been developed with the use of an ontology editor, it may be 
made public through a web based browser.  Ontology browsers allow users to browse, query, 
and visualize ontology information.  Browsers enable users to view the relationships between 
terms in the ontology.  Unlike ontology editors, browsers do not allow users to edit or change 
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an ontology.  There are several ontology browsers associated with biological ontologies.  The 
Gene Ontology consortium has created the open-source AmiGO browser that can be 
downloaded and used by other ontologies [14].  There are also other browsers that have been 
created that offer an alternative to AmiGO such as the MGI GO browser [21], QuickGO [22], 
and DynGO [23].   The Mammalian Phenotype Ontology also has a browser associated with 
it [15].  Many of these ontology browsers are open-source, thus making them available for 
use by other biological ontologies. 
1.3.7 Phenotypic Quality Ontology (PATO) 
The Phenotypic Quality Ontology (PATO) [24] is an ontology of phenotypic 
qualities.  The goal of PATO is to create a resource that will be a repository of “quality 
bearing entities” that could be applied across several different species.  An entity is a bearer 
of a quality (e.g. eye) and quality is a dependent continuant that describes an entity (e.g. red). 
The concept behind PATO allows efficient communication between different ontologies so 
that comparative analysis can be performed.  Model organism databases that are using the 
PATO format include the Zebrafish Information Network (ZFIN) [25], Flybase [26], and the 
ParameciumDB (Paramecium) [27].   
1.3.8 Comparative phenotype analysis 
   Currently, there are several single species genomics databases.  These tools give 
valuable insights into single species analysis, but additional resources are needed that form a 
collaborative integration of genomic information between species.  Several authors have 
indicated the need for collaborative analysis across species [28, 29].  
One of the few resources that combines genotype and phenotype resources from more 
than one eukaryotic species is PhenomicDB [29].  It concentrates on model organisms and 
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the human.  PhenomicDB is composed of a phenotype/genotype database which allows the 
mining of phenotypes and their associated genotypes, arranged by gene orthologies across 
several species.  Another web-based tool called the QTL MatchMaker [30] aims to 
specifically mine and integrate QTL information across different model organism species 
such as the human, mouse, and rat genomes.  It prompts a user to enter an accession number 
or RefSeq number for genes of relevance for the species of interest.  It then enacts a mapping 
of these genes against a curated QTL database so that co-localization events can be found.  
The last step involves the output of a file which shows the gene position and information 
about the related QTL.  The tool also has a Cross Species search page that allows for the 
output of the predicted orthologs of the candidate genes.  This functionality allows for the 
identification of QTL that are located over a gene of interest across all three species 
automatically.   
Another tool which combines genotype and phenotype resources across species is 
Gramene, which was developed for comparative grass and rice genomics.  Gramene has a 
user interface that integrates simple (single trait) and complex (several traits) queries to its 
QTL database.  It also has integrated ontologies such as the Trait Ontology and the Plant 
Ontology that allows browsing of plant traits and list the number of QTL associated for each 
trait among several species.  The most powerful aspect of this tool is that it allows textual 
comparisons of QTL between species [31].  The Comparative Location DataBase 
(CompLDB) [32] offers a map integration capability for some livestock and other species 
that do not have fully annotated genome sequence, but its search capability lacks specific 
trait QTL searches, and it focuses more on a locus search. 
 10 
The aforementioned tools are useful, but they lack specific genomic information for 
livestock animal species.  In addition, for those that do focus on livestock animal species, a 
more gene centric focus, rather than a QTL focus.  The ATO will be useful by forming links 
between ontology terms and their respective QTL information, which is lacking in other 
tools.  The ATO and its associated tools will definitely be novel and useful to the scientific 
community. 
1.3.9 Hypothesis Generation 
  One of the goals of tools such as Gramene and QTL MatchMaker is to contribute to 
comparative genomics studies between species.  In the PhenomicDB paper [29], the authors 
discuss the difficulties in comparing genotype and phenotype information across species.  
Yet, it is discussed how novel and interesting hypothesis could be created using this 
approach.  For example, if the phenotype of a mouse gene is described as ‘similar to 
psoriasis’ and the human orthologue to the gene is described as a gene that is related to skin 
defects, it can be investigated further.  Another example is described where a gene that is 
connected to cancer in mammalian organisms could show an effect in lower organisms such 
as yeast [29]. 
 The ATO is a project that is being carried out under the auspices of the USDA-
National Animal Genome Research Program  and is aimed at developing a standardized trait 
ontology for farm animals and software tools to assist the research community in 
collaboratively creating, editing, maintaining, and using such an ontology for annotating and 
querying data.  The ATO is currently inclusive of cattle, pig, and chicken traits.   
  The ATO will be useful to comparative genomics analysis between domesticated 
farm animals and other model organisms such as the mouse.   There have been several 
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studies where the ATO and its associated tools would have saved researchers valuable time 
and resources.  In one particular study, where several QTLs were examined in the mouse, the 
ATO could have been useful by directing researchers to smaller blocks of chromosomes and 
synteny genes, thus saving time and money [33]. 
  There are many other possible questions that could be generated from ATO and its 
associated tools.  Several examples include: 1)  When comparing two traits, what are the 
overlapping QTL regions? 2)  Are there clusters of QTL for different traits that are 
conserved across species, or do these QTL change in trait context across species?  3)  Is a 
QTL for a particular trait pleiotrophic (affecting multiple traits)?  These questions will be 
answered by referring to the comparative QTL tool, obtaining overlapping or syntenic 
genomic regions, and finally performing laboratory tests to confirm a true biological 
relationship. 
1.3.10 Structure of the Animal Trait Ontology Database 
The animal trait ontology database is associated with the Collaborative Ontology 
Building (COB) editor.  The COB editor has the Postgres relational database management 
system at its backend.  The database schema is composed of ten tables (Figure 1.1).  The 
tables include: 
• package (includes information about a particular package), 
•  pkg_relation (stores information about the package hierarchy; for example, 
“pkg.1 import pkg.2” and “pkg.1 nested in pkg.2”), 
• privilege (stores user privileges for a specific package, such as read-only and 
read-write),  
• users (stores user profiles and privileges, such as administrator and guest), 
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•  term (stores id, name, package membership, and visibility),  
• relation (includes relations among terms, such as “term1 is_a term2” or 
“term1 part-of term2”),  
• details (stores trait details, such as measurement and scale_unit),  
• schema (store information about the relationship schema such as is_a and 
has_a),  
• editing (provides information about editing rights a user has for a particular 
package),  
• and online (includes information about user log time).   
1.3.11 Development of the Animal Trait Ontology and the COB editor 
The ATO is continually being populated with farm animal trait information.  Journal 
articles, books, and other sources are being used to supply the farm animal phenotype 
information.  The database was initially populated by Zhiliang Hu, and members of a CS 361 
course (LaRon Hughes, Swetha Gottimukkula,  Jialin Le, Jia Tao, and Jie Bao), which were 
among the original developers of the project.  Currently, there are 809 traits associated with 
the ATO.  The methodology for entering data has been choosing a category such as 
reproduction in a species and upon completion, going to the next species in the same 
category.  This creates continuity between similar categories for different species by keeping 
consistent naming conventions. 
The Collaborative Ontology Building (COB) ontology editor is being used to edit the 
ATO (Figure 1.2) [34].  The tool is currently still in development, but a working version has 
allowed annotation work of the ATO.  The COB project is associated with a SourceForge 
account, which is an open source software development web site that hosts over 100,000 
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projects.  SourceForge enables COB development to involve several programmers who may 
make changes and update to the source code.   
 The Collaborative Ontology Building process has become important in the last few 
years due to the large number of collaborative efforts for large biological ontologies.    In the 
real world, the COB process needs to address the following problems:  knowledge 
integration, concurrent management, consistency maintenance, privilege management, 
history keeping, scaleability, and language efficiency.  The preceding problems and the lack 
of locality of ontology components have prompted the creation of the package-extended 
ontology. 
The package-extended process allows an ontology to be separated into smaller 
modules called packages.  The packages contain a closely related set of terms and relations.  
Each package represents the ontological commitments about a small, comprehensive part of 
the domain of interest (e.g. production traits).  The COB editor permits the packages to be 
checked out by different users, without the need to check out or modify the whole ontology.  
Packaged based ontology development allows for better organization and management, lower 
editing cost, better scaleability, partial ontology reuse, lower risk of conflicting, and broader 
participation. 
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Figure 1.1. Database schema for the ATO database  
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Figure 1.2.  The interface for the Collaborative Ontology Building editor.  
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CHAPTER 2.  ANIMAL TRAIT ONTOLOGY: THE IMPORTANCE AND 
USEFULNESS OF A UNIFIED TRAIT VOCABULAR FOR ANIMAL SPECIES 
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Abstract 
Ontologies help to identify and formally define the entities and relationships in specific 
domains of interest. Bio-ontologies, in particular, play a central role in the annotation, 
integration, analysis, and interpretation of biological data. Missing from the number of bio-
ontologies is one that includes phenotypic trait information found in livestock species. As a 
result, the Animal Trait Ontology (ATO) project being carried out under the auspices of the 
USDA-National Animal Genome Research Program is aimed at the development of a 
standardized trait ontology for farm animals and software tools to assist the research 
community in collaborative creation, editing, maintenance, and use of such an ontology. The 
ATO is currently inclusive of cattle, pig, and chicken species, and will include other 
livestock species in the future. The ATO will eventually be linked to other species (e.g., 
human, rat, mouse) so that comparative analysis can be efficiently performed between 
species. 
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INTRODUCTION 
 
 Technological advances in the past decade have dramatically increased the rate with 
which biological and genetic information can be gathered. This has resulted in a proliferation 
of large biological databases designed to facilitate access to these data. For example, the 
2008 database issue of Nucleic Acids Research lists 1,078 such databases (or 110 more than 
the previous year; Galperin, 2008). Terminological differences (different words being used to 
mean the same thing), syntactic differences (different representations of the same term; e.g., 
due to differences in spelling), and semantic differences (the same words being used to mean 
different things in different sources) present significant hurdles in sharing data and 
knowledge between disparate researchers and research groups (Greally, 2007). 
 The terminological, syntactic, and semantic gaps between data sources need to be 
overcome for it to be possible for researchers to have seamless access to disparate, 
independently developed, yet interrelated data sources (e.g., genetic data, trait data, different 
types of experimental data) in exploring specific scientific questions (e.g., through data 
mining). Consequently, there is a growing awareness of the need for ontologies in the life 
sciences (Schulze-Kremer and Smith, 2005). There has also been a need to share a wealth of 
knowledge between disparate researchers and research groups As a result, a growing number 
of biological ontologies are being constructed (Blake and Bult, 2006). These ontologies, 
which are composed of terms and the relationships between them, range from a few hundred 
to thousands of terms. Until now, an ontology for domesticated farm animal phenotypic traits 
was missing from the number of biological ontologies. Previously, the concept of an animal 
trait ontology was introduced in the building of the pig QTL and animal QTL databases (Hu 
et al., 2005, 2007) and implemented as a simple hierarchy structure. Obviously, the wide 
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utility of this implementation is limited in terms of universal applications and meeting the 
challenges of community collaborative interactions. 
 With the large amount of biological and genomic information associated with farm 
animal traits, it is imperative that a standard nomenclature be created so that animal science 
researchers may communicate consistently and unambiguously. The need for an animal trait 
ontology has risen because of several farm animal databases and journals that cater to animal 
scientists. These databases and journals contain important biological, genomic, and 
phenotypic information, but they are located in disparate locations. The Animal Trait 
Ontology (ATO) is the first large-scale ontology effort that will deal with the standardization 
and centralizing of livestock animal traits. 
 The word ontology is derived from the Greek words ontos, meaning “to be” and 
logos, meaning “word.” An ontology is defined as “a formal specification of a shared 
conceptualization” (Borst, 1997). In other words, an ontology is a controlled vocabulary that 
describes objects and the relations between them in a formal way. Ontologies have become 
useful in recent years due to their ability to allow for the sharing of information among 
people and software agents. Experts in particular domains are now able to share descriptions 
of concepts.  Also, software agents are able to manipulate this data through resources such as 
the World Wide Web Consortium (W3C), which is developing technologies that encode 
knowledge on web pages so that underlying software agents may understand it (World Wide 
Web Consortium, 2007). This ability allows the underlying agents to make inferences or 
discoveries about the data. 
 
 
 21 
Bio-Ontologies 
 
Bio-ontologies are emerging in several biological domains.  These ontologies contain 
from a few hundred to thousands of terms. The most prevalent bio-ontology is the Gene 
Ontology (GO; Ashburner et al., 2000), which is a controlled vocabulary that describes gene 
and gene products in several model organisms. The Mammalian Phenotype Ontology 
describes mammalian phenotypes that are used as models of human biology and disease 
(Smith et al., 2005). Other bio-ontologies include the Plant Ontology  (Ilic et al., 2007), the 
Zebrafish Anatomy and Development Ontology (Sprague et al., 2003), and the FlyBase 
Controlled Vocabulary (FBcv) (Crosby et al., 2007).  The ATO will be instrumental in 
standardizing traits descriptions within livestock and will contribute to the wealth of 
knowledge in bio-ontologies. 
IMPACT OF AN ANIMAL TRAIT ONTOLOGY 
 
The ATO currently contains data for 3 domesticated farm animal species: Bos taurus 
(cattle), Gallus gallus (chicken), and Sus scrofa (pig). The original goal of the ATO was to 
create a medium for the standardization, annotation, retrieval, integration, and analysis of 
animal trait information; in particular, traits with associated QTL. However, it has become 
evident, with the large amount of research being conducted by animal science researchers, 
that a trait ontology is instrumental in forming a standard so that researchers may 
communicate with each other more consistently and effectively. 
Why do we need an Animal Trait Ontology? 
 The need for an ATO was evident for several reasons.  First, there was no central 
repository for trait information.  Trait information is currently spread among journal articles, 
books, local researcher archives, and other miscellaneous sources. These disparate sources of 
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phenotypic information further contributed to the inconsistency of trait terms (e.g., daily gain 
and average daily gain). By analogy, in the early days of gene discovery, several labs would 
simultaneously identify a gene and put forth different names in the published literature 
(Hamerton, 1977). If a researcher was familiar with all of the relevant literature this did not 
present a huge issue. However, anyone new to the field would have a very hard time finding 
all of the relevant literature.  To solve this problem, the HUGO gene nomenclature system, 
which is responsible for creating a gene name and symbol for every known human gene 
(McAlpine and Shows, 1990), was created. The HUGO system has allowed researchers to 
communicate about genes without inconsistency in the naming of genes and symbols.  It has 
also facilitated the retrieval of electronic data from publications.  
Second, on a global perspective, trait information is sometimes inconsistent between 
different regions of the world. For instance, in Europe, it is common to see the term “meat 
colour” used for describing a meat quality trait, but in the United States, “meat color” is used 
to describe the trait (Keokamnerd et al., 2007; Wimmers et al., 2007). Also, there is the issue 
of variations for the same traits. For instance, “ribeye area,” “rib eye area,” and “muscle 
area” all share the same semantics or meanings, but different spellings. Although this 
problem is easy for humans to overcome in that we learn over time that these terms are 
equivalent, computer agents on the other hand do not recognize that these terms are 
equivalent, unless they are instructed otherwise, and thus treat them as independent terms. 
With the development of the ATO, the relatedness of terms will be electronically curated for 
the first time. Thus, the ATO should help bridge the gap between nomenclatures in different 
parts of the world and between different variations of the same trait. 
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Third, by having an ATO, it will be possible to perform computational analysis of the 
traits using the semantic web (Berners-Lee et al., 2001) that is composed of machine-
understandable data and knowledge for the automatic discovery, integration, and reuse of 
those data and knowledge across several applications. The trait information in the ATO, for 
instance, is expected to be linked to quantitative trait information in the future, which will 
allow inferences to be made by linking different QTL regions to traits. Such a feature will 
allow comparative phenotype/QTL studies to be performed between species, including 
humans, rats, and mice. Alternatively, it may be used to link information across disciplines 
(e.g., nutrition and genetics).  The ATO could also be beneficial to animal scientists in that it 
can be interconnected with other ontologies, which will allow the transfer of knowledge 
across species and scientific disciplines. For example, the traits in the ATO could be linked 
to an anatomy ontology or an ontology that stores genomic information such as the GO. It 
may also be used to improve the searching of electronic publications through the inclusion of 
all relevant synonyms for a particular trait name. 
Examples of ATO Annotations 
 The importance of the ATO can be seen with the following examples. In the first 
example, the problem of semantics of farm animal traits is illustrated. Semantics involves the 
meanings of words and, in this case, multiple trait names for the same trait. During the digital 
curation of several research journals for the trait name “ribeye area,” several alternative 
forms of the trait were found (e.g., rib eye area, rib muscle area).  Each of these trait names 
shares the same semantics (meanings), but different spellings. Computers recognize these 
terms as being independent and not as the interrelated terms that they are unless the 
relationships between terms (e.g., that 2 terms are synonyms of each other, or one term is 
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more general than another) are explicitly specified. The ATO will help alleviate this problem 
through standardization of terms used to refer to animal traits and explicit specification of 
relationships between terms that refer to the same or related traits. There will still be an issue 
with historical data, but incorporating synonyms in the ATO will aid in the inclusion of such 
data. 
Another issue that the ATO will encounter is the variation in trait information. 
Variations occur when a phenotype is measured in several different ways. For example, the 
trait “backfat” is measured in 3 different measurement types: methods (e.g., ruler, 
ultrasound), time (e.g., 14 wk of age), and locations (e.g., shoulder, tenth rib; Figure 2.1). 
With the ATO, such measurement variations will be better contained and understood by 
researchers. The standardization of trait information variations will further aid in the 
eradication of ambiguities in trait names. 
Structure of the ATO 
 The trait information in the ATO is obtained from published papers and 
reports, books, private researcher archives, and other miscellaneous sources. We 
define a trait as that which is specifically measured. For example, femur length 
would be a trait. In contrast, diabetes is a disease, but not a trait. Insulin level 
or blood glucose level would be a trait that is measured to quantify the level of 
diabetes observed. We further differentiate trait from phenotype in that a 
phenotype is a scalar trait. To illustrate this point, let us look at femur length, 
which we define as a trait; in contrast, increased femur length would be a 
phenotype as it now associates directionality to a trait. The trait information is 
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organized into different trait classes by ‘‘categories’’ and ‘‘types.’’  A ‘‘trait 
category’’ is used to describe very general aspects of animal products or the 
processes by which the product is made (Figure 2.2). The top-level trait 
categories include: 
• Development traits (growth) pertain to the physical growth of species.   
• Exterior traits (e.g., behaviorial, anatomical) deal with traits that can be observed 
over time.    
• Immune function pertains to traits associated with the health of a species.   
• Product quality (e.g., marbling, milk traits) traits measure the quality of the animal 
products.  
• Production traits describe products (e.g., meat, milk, eggs) that are produced by the 
species.   
• Reproduction traits are associated with the production of offspring. 
A “trait type” describes physical or chemical properties of the animal products or features 
that can influence the process by which an animal product is made, or it describes types of 
measurements within each trait category; for example, fat deposition, flavor, and growth. 
“Trait names” are then defined with each trait type with more detailed information, known as 
“properties.”  The current properties include: trait name, synonym, trait description, scale 
unit, measurement (how the trait was measured), custom name (lay or common name), and 
abbreviation (Figure 2.3). 
Current ATO Statistics 
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The ATO is currently composed of 3 integrated ontologies, along with a global 
ontology that represents each of the 3 ontologies (pig, cattle, and chicken). The ontology 
currently comprises 809 terms. Most of the terms, a total of 463, are associated with the pig. 
At 223 terms, the cattle portion has the second largest number of terms. The chicken portion 
has the smallest number of associated terms with 124. 
Methodology of ATO 
To date, we have used the following methodical process to determine which traits 
need to be stored in the ATO. First, it was critical to determine the top-level terms (described 
above) that were inclusive of all the prospective traits and livestock species that would be 
added to the ATO.  The top-level terms were then broken down into sub categories to 
accommodate the various branching of the top-level terms. This process continued until the 
lower level terms were included. 
At each level of the ATO, specific trait type information (e.g., synonym, trait 
description) was included for each term. The ATO allows 2 types of relationships between 
terms: “is_a” [e.g., backfat is a (kind of) fat] and “part_of” (e.g., the intestine is a part of the 
digestive system). Most of the information was obtained from published reports. At times, 
multiple published reports were used to annotate a single term. The methodology for entering 
data has been choosing a category such as reproduction in one species and upon completion, 
going to the same category in the next species. This strategy helps to create consistency 
between terms that are associated with multiple species. We draw on the expertise of the 
broader animal science community in specific areas (e.g., dairy science) to help validate the 
term and term information that is entered into the ATO. 
Application of the usefulness of the ATO 
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 The usefulness of the ATO is demonstrated in the following hypothetical use case. A 
group of animal scientists is interested in the annotation of a new gene that they have been 
studying. This gene is associated with a reproductive trait in the pig that has been shown to 
have an effect on the “onset to puberty.” They are interested in the characterization of the 
phenotype associated with this gene as it corresponds to previous literature. 
 They begin their search with the GO Web site, but there is no information with 
regards to puberty in this ontology. The ATO is used to browse and search livestock species 
traits, so the group uses it to search for traits associated with the onset of puberty in the pig.  
From their previous experience of searching for this trait in the scientific literature, they had 
noticed several ambiguities in the naming (e.g., puberty, age at puberty, and onset of puberty) 
and definition of the term.  They perform a search using the search interface and find the 
term “age at puberty” and they also notice that “onset to puberty” is listed as a synonym. 
They agree that the definition (the stage of adolescence in which an animal becomes 
physiologically capable of sexual reproduction) of the term corresponds to the phenotype of 
their trait. The group decides to use “age at puberty” as the phenotype of the new gene, 
which is the accepted standard in animal science for defining this trait.  
During their search of the ATO, they also find that “age at puberty” is associated with 
pigs and cattle. Because the trait is stored in the ATO, it is likely that it has QTL associated 
with it in the other species because several of the traits have been mapped to particular QTL. 
This leads them to the literature, where they find QTL that have been mapped to this trait in 
the other species. This information gives them the insight to formulate hypotheses that could 
form the basis for a comparative study between the species. This scenario could be repeated 
with other traits that are different or similar to this trait, resulting in enhanced research. 
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DISCUSSION 
Contributing to the ATO 
 To develop ontologies, ontology editors must be used to facilitate the process. 
Ontology editors allow curators to browse, search, visualize, and edit ontologies. The OBO 
edit is the most commonly used bio-ontology editor (Day-Richter et al., 2007), but it was 
developed to support bio-ontologies that have a similar structure to the GO. For example, it 
supports fields such as trait name, definition, and synonyms, but it lacks the support for fields 
such as abbreviation, custom name, and scale unit. Consequently, the ATO is being 
developed by a different tool. The collaborative ontology building (COB) tool (Figure 2.4), 
which was developed in the Artificial Intelligence Laboratory of Iowa State University is an 
ontology editor with additional capabilities (Bao et al., 2006). The COB editor can support 
ontology building efforts among researchers in disparate locations by allowing curators to 
check out packages (or certain parts of the ontology). It also has a concurrent access and 
locking mechanism that prevents curators from editing a particular term at the same time. 
This COB editor can be downloaded to a local machine, which then gives a user access to a 
centrally located database. Depending on access rights, the user may be in edit or view-only 
mode.  
 An ontology browser has been created to allow public access to the ATO 
(http://www.animalgenome.org/atoamigo; Figure 2.5).  Ontology browsers allow users to 
browse and query ontology information. The browser is modeled after the AmiGO tool 
created by the GO consortium. The browser interface is linked to the ATO ontology, which is 
stored in a MySQL (version 12.22) relational database management system.  
  Future Growth 
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The ontology is expected to grow significantly in the upcoming years as more terms 
are created and more researchers become involved with the project. The home page for the 
ATO aims to serve as a central hub for the exchange of information, progress coordination, 
and as an end-product portal to the community. Additional features are expected to be 
implemented in the future such as hyperlinks to original sources of data and links to figures 
of traits that can be represented pictorially.   
Eventually, the developers of the ATO would like to expand it and become a member 
of the Phenotype and Trait Ontology (PATO; The OBO Foundry, 2007) effort through the 
National Center for Biomedical Ontologies (NCBO).  The goal of PATO is to deal with the 
difficulties and challenges of standardizing phenotype trait information across several species 
databases. Standardizing phenotypic trait information can help shed light into the 
relationships between genes, the environment, and phenotypes (C. Mungall, unpublished). 
The PATO is characterized by an entity and quality. An entity is described as a bearer 
of a quality (e.g., compound eye, blood, and wing growth). A quality is a property or attribute 
of an entity (e.g., cold, squamous, light sensitivity). The ATO and PATO will be mapped to 
each other by decomposing the trait names from the ATO into more elemental terms that are 
derived from PATO. For instance, the ATO term “ovulation rate” would be decomposed into 
the PATO term for “rate” (PATO:0000161) and the GO term for “ovulation” (GO:0001542). 
The advantage of this system is that the querying of phenotypes will become more 
comprehensive by forming a logical definition through the combination of the GO and PATO 
information. Unfortunately, decomposition of animal traits into PATO terms would render 
many terms unrecognizable by the livestock community. Thus, there is a need to link the 
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ATO and PATO by establishing semantics-preserving mappings between PATO and ATO to 
maximize the utility of both systems.  
A unified phenotype ontology would likely facilitate a smoother comparison of genes 
and phenotypes across organisms by integrating ontologies associated with species such as 
the mouse and rat. Researchers interested in contributing to the ATO are encouraged to visit 
the Web site (http://www.animalgenome.org/atoamigo) or contact James Reecy 
(jreecy@iastate.edu).  
CONCLUSIONS 
 
The ATO is the first ontology that deals with domesticated animal phenotypic traits. 
The ATO group will also collaborate with other ontology efforts such as PATO. The ATO 
will grow in the future by including more livestock species. The ATO is expected to have a 
profound impact on the descriptions of phenotypes associated with livestock species by 
forming a standard of nomenclature for animal scientist around the world. The ATO will 
enable scientist to browse and search current and future terms, allowing scientists to contrib-
ute individually to a large community effort.  
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Figure 2.1.  An example of the variation of trait measurements that can be evident in some 
 
traits.  In this example, backfat is used to show how the trait is measured according to  
 
different methods, times, and locations.  Also, within each measurement type, there are  
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different measurement specifications. 
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Figure 2.2.  Denotes the trait categories associated with the ATO.  They include  
 
Production, Product Quality, Development, Reproduction, Immune Function, and  
 
Exterior.  Each species (Pig, Cattle, and Chicken) has the same six trait categories.  
 
 
 
 
Trait Name:  age at puberty 
Trait Description:  the stage of adolescence in which an animal becomes physiologically 
capable of sexual reproduction 
Abbreviation: ap 
Scale Unit:  days 
Measurement:  age of first observed estrus 
Custom Name:  puberty 
 
Figure 2.3.  An example of properties associated with the trait name ‘age at puberty.’   
 
Properties describe detailed information about a trait name.  
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Figure 2.4. A  screen shot of the interface of the Collaborative Ontology Building (COB) 
editor.   
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Figure 2.5.  Diagram of the ATO browser homepage. 
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CHAPTER 3.  HUMAN AND ANIMAL TRAIT (HAT) ONTOLOGY: THE 
IMPORTANCE AND USEFULNESS OF A UNIFIED TRAIT VOCABULARY FOR 
MAMMALIAN SPECIES 
 
A paper prepared for submission to the Journal of Animal Science 
L. M. Hughes1, M. Shimoyama2, J. T. Eppig3, M.A. Bogue4, and J. M. Reecy1 
 
Abstract 
Ontologies help to identify and formally define the entities and relationships in 
specific domains of interest.  Bio-ontologies, in particular, play a central role in annotating, 
integrating, analyzing, and interpreting biological data.  The Human and Animal Trait (HAT) 
Ontology is an agglomeration of several different species ontologies that will form a 
consensus for describing phenotypes and traits across different disease models.  The HAT 
ontology is inclusive of the rat, mouse, human, cattle, pig, chicken, and is expected to expand 
to other mammalian species in the future.  The HAT ontology will form a standard for 
describing disease, traits, and phenotypes within and across species, allowing a basis for 
comparative genomics.  
Key Words: ontology, trait, phenotype, animal, human, mouse 
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IMPORTANCE OF THE HUMAN AND ANIMAL TRAIT (HAT) ONTOLOGY 
 In recent years, the need for biological ontologies has increased due the large number 
of biological databases.  There has also been a need to share a wealth of knowledge between 
disparate researchers and research groups.  As a result, several biological ontologies have 
been created, such as the Gene Ontology (GO) [1] and the Mammalian Phenotype Ontology 
(MPO) [2].  These ontologies, which are composed of terms and the relationships between 
them, range from a few hundred to thousands of terms.  Missing from these biological 
ontologies was a standard for describing the phenotypes and traits in a consistent way across 
species.  The HAT ontology will be created to alleviate this discrepancy between ontologies. 
The Human and Animal Trait (HAT) Ontology is a consortium of biological 
ontologies that will integrate common phenotypes and traits across species. The goal of the 
HAT ontology is to create a medium for the standardization, annotation, retrieval, 
integration, and analysis of phenotype and trait data across mammalian species.  This effort 
will allow biologist to form a shared vocabulary across species so that biologist and other 
researchers will have a more effective means of communicating with each other.  The HAT 
ontology will also use the power of computational approaches so that data searching, mining, 
and inferences may be performed through the semantic web. 
MEMBERS OF THE HAT CONSORTIUM 
 The members of the HAT ontology have a common goal of integrating their 
respective biological ontologies into the HAT ontology.  The members of the consortium 
include the Animal Trait Ontology (ATO) [3], Mouse Phenome Database (MPD) [4], 
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Mammalian Phenotype Ontology (MPO), the Rat Genome Database (RGD) [5], and the 
Pharmacogenetics (PharmGKB) [6].  Each member was developed individually to meet the 
needs of its respective community. 
 The Animal Trait Ontology is an ontology composed of phenotypes and traits 
associated with domesticated livestock species.  It currently contains phenotypic trait 
descriptions for the pig, cattle, and chicken and it will include other livestock species in the 
future.  The ATO was developed to meet the needs of animal science researchers who could 
benefit from a central repository for phenotype and trait information.  The ATO allows users 
to browse, search, and visualize detailed trait information.   
 The Mouse Phenome Database is associated with the Mouse Phenome Project and 
composed of phenotypes which characterize mouse strains.  The MPD was developed to 
complement the mouse sequencing effort.  An important goal of the MPD is to provide a 
central location for phenotype data resources so that biomedical researchers can choose 
appropriate mouse strains for research applications, such as physiological studies, drug and 
toxicity studies, and modeling disease processes.   
 The Mammalian Phenotype Ontology is an ontology which stores phenotypes 
associated with human biology and disease.  The MPO aims to standardize annotations and 
to unambiguously describe phenotypic observations associated with mammalian phenotypes.  
The MPO is currently used by the Mouse Genome Database and the Rat Genome Database. 
 The Rat Genome Database contains rat genetic and genomic information which is 
used in the study of human disease.  It was created to collect, consolidate, and integrate data 
from research being done in rat genetics and genomics.  The goal of RGD is to aid 
researchers in the study of the rat and to apply their studies in a wider circumstance.  
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 The PharmGKB is a pharmacogenetics and pharmacogenomics knowledge base.  The 
primary goal of PharmGKB is to provide scientist with a tool to investigate how genetic 
variation effects drug response in humans.  The tool allows users to search and browse based 
on diseases, drugs, genes, and pathways. 
IMPACT OF HAT 
 There are several issues that brought about the need for the HAT ontology.  It is 
important to carefully define the distinction between phenotype and trait.  A trait was defined 
by the consortium members as that which is specifically measured (e.g., height, weight).  A 
phenotype, on the other hand, is defined as a quantifier put on a trait (e.g., average daily gain, 
which is a calculation of weight gain over a period of time divided by time.  The mastitis 
disease model can be used to illustrate these distinctions.  The trait or what is measured is 
‘cell score’ and ‘cell count.’  The phenotypes for this trait include increased or decreased cell 
score, along with increased or decreased cell count.  Other examples of this concept are 
included in Table 3.1.   
Another important concept involves how to describe those phenotypes and traits that 
are associated with populations versus those associated with a single animal.  Population 
terms should be represented at the phenotype level, while individual animals should be 
represented at the trait level.  For example, the phenotype ‘tumor incidence’ in American 
Indians, represents a population of individuals.  The trait for describing a single instance of 
disease in this population would be the ‘tumor number’ found in an individual.     
The disease model also emphasizes three layers of granularity (disease, phenotype, 
and trait).  A disease is directly related to a phenotype and a phenotype is connected to the 
trait.  There are times when a trait can be represented as a phenotype.  In the model, there are 
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four possible categories of relationships that are exhibited between a phenotype and trait 
(Figure. 3.1).  These categories exhibit one to one relationships (one disease per phenotype, 
one phenotype per disease, one phenotype per trait, one trait per phenotype,) and one to many 
relationships (one phenotype for several diseases, one disease for several phenotypes, one 
phenotype for several traits, one trait for several phenotypes).  An example of one disease 
having more than one phenotype is exhibited in diabetes where there can be multiple 
phenotypes such as increased and decreased insulin level.  A situation where a phenotype can 
map to multiple diseases is shown in Reelin haploinsufficient mice in which a rotorod test is 
used to assess coordination [7].  This phenotype is associated with neuro-muscular disease 
and anxiety which are two conditions that happen to have no relationship.  
AN ANNOTATION EXAMPLE USING HAT 
 The usefulness of the HAT ontology is demonstrated in the following hypothetical 
use case.  A scientist has the task of performing a comparative study for a gene that is known 
to affect hypertension in the mouse, rat, pig, and human.  The researcher is interested in 
writing the study in the form of a review paper that describes previous studies of this gene in 
each of the aforementioned species.  The goal of the review is to tie the studies together and 
make a general conclusion about the gene effect in each of the species.  
The researcher has the goal of describing the phenotypes of hypertension in the paper.  
In order to perform this task, they would use the HAT ontology which conveniently defines 
each phenotype associated with hypertension.  From the researcher’s previous experience of 
searching for this and other traits in the scientific literature, it was found that several 
ambiguities occurred in the naming (e.g., hypertension, high blood pressure, elevated blood 
pressure, and chronic elevated blood pressure) and definition (e.g., when the blood flows 
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through the vessels with a greater than normal force, an excessively high level of pressure of 
blood against artery walls) of the term.  The feature that the researcher found to be most 
beneficial is that the definition given by the HAT ontology represents a standard that is used 
for each species associated with the ontology.  This feature would eliminate the need to 
search the term and definition within each individual ontology.  It also would help eliminate 
ambiguities in naming and defining the term within and between species. 
Using the HAT ontology, the researcher would be able to find the phenotypes and 
definitions associated with hypertension in a centrally located ontology for mammalian 
species.  The HAT ontology would not take away the need to use other resources, such as 
GO for gene annotations or the individual ontology databases for more specific information 
about the species, but it did offer a more efficient means of searching for phenotypes and 
traits. 
DISCUSSION 
Once the HAT ontology has been initially developed and implemented, there will be a 
controlled vocabulary for describing phenotypes and traits across multiple species.  This will 
help elucidate issues with semantics.  For example, a phenotype in the rat such as daily sperm 
count that is similar to daily sperm production in the pig can be integrated into one consensus 
trait.  This will help researchers communicate more effectively with each other within and 
between species. 
Another advantage of having the HAT ontology is that it can be utilized to perform 
computational analysis using the semantic web.  The semantic web allows information found 
on the World Wide Web to be expressed in natural language, but it also allows software 
agents to search, share, and integrate data [8].  With the HAT ontology, computational 
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analysis could be performed by connecting the QTL studies which are associated with the 
various consortium member databases.  For example, questions such as, Are there clusters of 
QTL for different traits that are conserved across species, or do these QTL change in trait 
context across species?  These questions and others could help formulate hypothesis which 
eventually could be tested in a wet laboratory setting.    
The HAT ontology will be composed of two separate ontologies.  The first ontology 
will store traits and the second ontology will store phenotypes.  It will be important to link 
the two ontologies so that the traits and phenotypes may be linked.  The physical integration 
of the ontologies will be implemented by using an ontology editor.  Ontology editors allow 
curators to browse, search, and edit ontologies.  For instance, the OBO-edit [9] ontology 
editor which is open source and the most commonly used bio-ontology editor, could be used 
to aid in the integration of the ontologies.  The integration of the ontologies could be 
implemented by connecting the database reference numbers (dbrefs) of the individual 
ontologies.      
Eventually, the HAT ontology could expand and become a member of the Phenotype 
and Trait Ontology (PATO) [10] effort through the National Center for Biomedical 
Ontologies (NCBO).  The PATO was established to deal with the difficulties and challenges 
of standardizing phenotype trait information across several species databases.  Standardizing 
phenotypic trait information can help shed light into the relationships between genes, the 
environment, and phenotypes (Chris Mungall, unpublished work).  
The Phenotype and Trait Ontology is characterized by an entity and quality.  An 
entity is described as a bearer of a quality (e.g., compound eye, blood, and wing growth).  A 
quality is a property or attribute of an entity (e.g., cold, squamous, and light-sensitivity).  The 
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HAT ontology and PATO could be mapped to each other by decomposing the trait names 
from the ATO into more elemental terms which are derived from PATO.  For instance, the 
HAT ontology term ‘ovulation rate’ would be decomposed into the PATO term for ‘rate’ 
(PATO:0000161) and the GO term for ‘ovulation’ (GO:0001542).   
The advantage of this system is that the querying of phenotypes will become more 
comprehensive by forming a logical definition through the combination of the GO and PATO 
information.  Also, PATO could help facilitate a smoother comparison of genes and 
phenotypes from the species in the HAT ontology to other model organisms.  This would 
form a basis for comparative studies across species.  The PATO does have the limitation of 
having terms that are not transparent to the end user, but it would be visible to the underlying 
software system.  However, the terms in the HAT ontology would be in their native form that 
the end user understands, as opposed to a decomposed form.  The combination of the HAT 
ontology and PATO would be beneficial to the end user by forming the basis for the 
connection of phenotypic traits between model organisms and mammals that is currently not 
possible.   
CONCLUSIONS 
The HAT ontology will play an important role in annotating, integrating, analyzing, 
and interpreting biological data.  It is also expected to grow and include new species 
ontology developments.  Just as the gene ontology has had a profound effect on the 
development of ontologies that have followed (particularly those which deal with gene 
annotations), the HAT ontology is expected to be a standard for future ontologies that deal 
with phenotypes and traits in human and animal species. 
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Disease Phenotype(s) Trait 
1. Diabetes Increased insulin level, 
Decreased insulin level 
Increased susceptibility, 
Decreased susceptibility 
Insulin level 
Autoimmune susceptibility 
2. Cardiomyopathy  Increased blood vessel dilation, 
Decreased blood vessel 
dilation 
Increase blood vessel volume, 
Decreased blood vessel volume 
Small cross sectional area,  
Large cross sectional area 
Blood vessel diameter 
Blood vessel volume 
Cross sectional area 
3. Cancer Increased tumor number, 
Decreased tumor number 
Increased tumor diameter, 
Decreased tumor diameter 
Late onset, Early onset 
Tumor number 
 
Tumor diameter 
 
Age at tumor appearance 
Table 3.1.  Illustrates the disease models which distinguishes a phenotype from a trait 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Case: A Case: B Case: C 
Phenotype 
Trait 
Y Y Y1 
Z Z2 Z1 
Y2 
Z 
Disease X X X 
Case: D 
X1 
   Y     
X2 
Z 
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Figure 3.1.  Illustrates the three possible categories of relationships that are exhibited 
between a phenotype and trait.  The cases includes one phenotype per trait (Case: A), two 
traits per phenotype (Case: B), and two phenotypes per trait (Case: C) 
 
Figure 3.2.  Interface of the CAQ tool.  The user is able to choose a tab which gives the 
option of choosing QTL experiments which overlap based on a single trait and single species 
or a two traits and a single species.  The species drop down box allows a user to select 
between the pig, cattle, and chicken.  A trait may be manually typed or chosen from the 
expandable tree.  The chromosome and centimorgan range are also required. 
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CHAPTER 4.  COMPARATIVE ANIMAL QTL (CAQ) TOOL:  A TOOL FOR THE 
COMPARISON OF QTL EXPERIMENTS AND PLEIOTROPY ANALYSIS IN 
LIVESTOCK SPECIES 
 
A paper submitted to Animal Genetics 
L. M. Hughes*, N. Koul§, Z-L. Hu*, V. Honavar§, J. M. Reecy* 
Abstract 
 
The identification of genes that underlie quantitative trait loci (QTL) is critical to further our 
understanding of the molecular mechanisms that regulate traits of importance in livestock 
species.  The Comparative Animal QTL (CAQ) interface is a novel tool that allows 
researchers to compare QTL experiments in livestock species.  The tool currently performs 
analyses for the pig, chicken, and cattle.  The tool allows QTL experiments to be compared 
for two use cases: 1) one trait given one species, and 2) two traits given one species.  It takes 
advantage of recent advances in genetic and physical mapping, which forms the basis for the 
comparison of QTL experiments within and across species.  The CAQ is available at 
http://www.animalgenome.org:81/app1/Comparator.html.  The effectiveness of the tool is 
recorded in the form of a data and statistical analysis which demonstrates how it might result 
in the discovery of pleiotropic effects in the pig. 
 
*
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Introduction 
 
  With the advent of whole genome sequences in livestock species, it is anticipated 
that it will be easier to identify mutations that underlie Quantitative trait loci (QTL). 
Researchers have identified numerous QTL that impact reproduction, immune function, 
production, product quality, exterior traits, and development in livestock species.  
Quantitative trait loci, which are located at a given genomic location and composed of at 
least two alleles, which affect variation in traits, have played an important role in the 
elucidation of molecular mechanisms that control variation in livestock phenotypes.  
Ultimately, mutations in candidate genes, within a given QTL, can be evaluated to determine 
the extent to which they are associated with traits of interest.  
 The study of pleiotropy in livestock species is important in the determination of traits, 
which have a supportive or antagonist relationship that would aid in the selection of 
appropriate animals for breeding.  Although there is a paucity of literature that specifically 
focuses on specific genes that have pleiotropic effects in livestock species, there has been a 
number of studies which have indicated possible pleiotropic QTL (de Koning et al. 2003; 
Freyer et al. 2003; Gilbert 2007) .  For example, in cattle, a mutation in DGAT1 was found to 
have a major effect on milk fat content as well as other milk quality traits (Grisart et al.2003; 
Kazala et al.2006). 
 There have been other tools, which allow users to compare QTL experiments within 
species, such as QTL matchmaker (Star et al. 2006).  However, QTL matchmaker focuses 
only on model organisms such as the human, mouse, and rat genomes.   The Comparative 
Location DataBase (CompLDB) (Liao et al. 2007) is another tool that focuses on livestock 
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and other species, but its search capability lacks specific trait QTL searches, and it focuses 
more on a gene centric search.  The Animal QTLdb database (Hu et al. 2007) stores QTL 
data from cattle, pigs and chicken and it was published in the past 10+ years.  The 
Comparative Animal QTL (CAQ) tool is a tool that extends the capability of QTLdb to allow 
users to directly search and compare QTL experiments associated with livestock species.  
The tool allow researchers to perform queries to compare QTL experiments for either single 
traits or multiple traits.  Some beneficial aspects of the tool are its ability to identify regions 
of QTL overlap within a QTL trait class and between QTL trait classes, which might 
represent cases of pleiotropy. 
 The paper includes a data and statistical analysis which demonstrates the 
effectiveness of the tool.  For instance, the analysis identified regions of the pig genome 
where pleiotropy may possibly exist.  Other analysis such as a chi-square test, binomial test, 
and logistic regression analysis were performed to further examine the pleiotropy issue. 
Materials and Methods 
Database design 
 All QTL analyzed in this study were housed in the AnimalQTLdb.  Information such 
as QTL location (chromosome, location, and location span), flanking marker locations 
(suggestive and/or significant test levels), peak marker locations, test statistics (LOD score, 
P-values, F-values, variance, and least square means), traits and their measurements, and 
other information are stored in the database.   
In addition, to facilitate the comparison of QTL experiments within species, the 
AnimalQTLdb stores the linkage maps (LM), radiation hybrid (RH) maps, species genome 
maps, and the human genome map associated with the pig, cattle, and chicken.  This storage 
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of the different maps in the database, along with a program, which interpolates the QTL 
positions from one map to another, allows for the integration of the different maps.  In the 
case of the pig, which currently lacks a genome sequence, the tool links the linkage and RH 
maps.  Furthermore, the RH map is directly linked to the human genome sequence.  For 
cattle, the LM is linked directly to the RH map and sequence of the cattle genome.  The RH 
map also has a direct link to the cattle genome sequence.  For the chicken, the linkage map is 
linked directly to the chicken genome sequence.   
Software 
MySQL (version 4.1.11) is the underlying relational database and Apache Tomcat 
(version 6.0) serves as the worldwide web server.  A Java (version 1.4.2) program was 
written to process the use cases (described below).  The Java Database Connectivity (JDBC) 
(version 4.0) was used to allow the interaction between the java program and the database.  
The Web interface was designed using Google Web Toolkit. 
Data and Statistical Analysis 
 To demonstrate the usefulness of the CAQ tool, we examined its ability to identify 
regions where pleiotropy may possibly exist.  In order to perform the analysis, each trait in 
the AnimalQTLdb associated with the pig was compared against every other trait for 
overlapping QTL.  This step was repeated for each autosome in the pig genome.  Once the 
overlapping QTL regions for given traits were collected, a scoring system was used to 
indicate the relatedness of the overlapping QTL pairs.  The scoring system involved six trait 
classes (reproduction, product quality, production, exterior, development, and immune 
function) that were used to group the pairs.  These trait classes represent the general aspects 
of animal products or the processes by which the products are made.  A measure of 
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concordance (trait concordance score) was used to indicate the relationship between the trait 
pairs.  If two traits were from the same class (class x:class x), a trait concordance score of 1 
was indicated.  Otherwise, if two traits were from different classifications (class x:(not) class 
x) a score of 0 was given.  For example, ‘body weight at 22 weeks of age’ (a development 
trait) and ‘lean percentage’ (a product quality trait) were grouped as development and 
product quality traits, respectively, and received a trait concordance score of 0 since they are 
from different classifications.   
Also, as an indication of the degree of possible pleiotropy, we evaluated the location 
of the QTL peaks relative to the regions of QTL overlap.  A 1:1 score indicated that both 
QTL peaks were reported and both QTL peaks were located within the region of QTL 
overlap.  We interpret the observation of a 1:1 score as evidence that there is a higher 
probability of the existence of a single mutation that could have pleiotropic effects.  A 1:0 or 
0:1 score indicated that both QTL peaks were reported, but only one QTL peak was located 
in the QTL overlap region.  A 1:0 or 0:1 score is indicative of a lower probability of the 
existence of a mutation that could have pleiotropic effects.  A 0:0 score indicated that both 
peaks were reported and neither QTL peak appeared in the overlapping region.  A score of 
0:0 is interpreted as evidence that there is a low probability of the existence of a mutation 
that has pleiotropic effects.  Figure 4.1 summarizes the location on each pig autosomal 
chromosome where the combinations of trait categories lie, with respect to a possible 
significant pleiotropic effect.  For instance, on chromosome 4, between the centimorgan 
locations of 70 – 80, there are a number of product quality::product quality traits, 
development::product quality  traits, development::development traits, production::product 
quality traits, production::development traits, and reproduction::product quality overlap 
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regions.  This region appears to have significant QTL effects for several trait combinations 
and would be an interesting area for further examination. 
A chi-square test was performed to test whether there was a significant difference 
between the significance score of the overlapping QTL regions and the trait concordance 
score.  The following chi-squared model was tested: 
H0 (Null Hypothesis): The distribution of the significance score (1:1, 1:0 or 0:1, 0:0) 
for concordant traits on chromosome i is different from the non-concordant 
distribution. 
 
HA (Alternative Hypothesis): The distributions of significance scores for concordant 
and non-concordant traits are different on chromosome i. 
 
A binomial test was then performed to compare the significance scores (lowest pleiotropic 
effect, low pleiotropic effect, and higher pleiotropic effect) of concordant and nonconcordant 
traits at each level of pleiotropy.  This analysis examined whether there is evidence that 
concordant and noncordant counts are statistically similar within a given level of pleiotropy.  
The following model was used: 
H0: The significance score (1:1; 1:0 or 0:1; or 0:0) pleiotropy classifications for 
concordant and non-concordant traits do not differ on chromosome i. 
 
HA: Concordant and non-concordant counts at the 1:1 pleiotropic level are different 
on chromosome i. 
 
A logistic regression analysis was also performed to test whether the distance 
between QTL peaks was a potential predictor of trait concordance score.  In other words, 
does the distance between QTL peaks have an effect on whether two traits are in the same or 
different trait classification terms?  To perform this analysis, those traits from each 
chromosome of the pig, which were associated with a peak value, were retrieved from the 
AnimalQTLdb.  Once the traits were collected, they were converted to their respective trait 
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classification (e.g., ovulation rate: feed conversion ration ⇒ reproduction: development).  
The peak value for each trait was then compared against the peak value for every other trait 
and the distance between them was recorded, along with an indication of whether they were 
from the same (concordant) or different (nonconcordant) classification systems.  This data 
were then used to perform the logistic regression analysis for each chromosome.  The 
statistical model is as follows: 
H0: The distance between peaks of two traits does not predict concordance on 
chromosome i. 
 
HA: Concordance of traits is related to physical distance between trait peaks on 
chromosome i. 
 
The equation being tested is  
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Where xi is the distance of observation i. 
Where β1 is coefficient of the distance of observation i. 
Where πi is the probability of observation i being a concordant pair.  
 
H0: β1 = 0 
HA: β1 ≠ 0 
 
Results and Discussion 
Query and Data Retrieval 
 The Comparative Animal QTL tool allows users to choose between two use cases.  
The use cases are as follows: 
• One trait within a single species (T1:S1) – In this use case, QTL associated with one 
trait (T1) of interest are evaluated for possible overlap within a species (S1) of 
interest.  This use case identifies those QTL regions that overlap and correspond to a 
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particular trait, which aids in the discovery and rebuttal of possible candidate genes 
by targeted evaluation of a specific region of the genome. 
• One trait vs. another trait within a single species (T1:S1;T2:S1) – In this use case, 
QTL associated with two traits (T1 and T2) of interested are evaluated for possible 
overlap within a species (S1) of interest.  This use case allows users to identify 
regions of QTL where the QTL are from different traits, which might result in the 
discovery of genome regions where genes with pleiotropic effects may exist. 
 For each use case, the user is asked to specify a query species, centimorgan (cm) 
range (location associated with a linkage map), query chromosome (chromosome location for 
the query species), and a trait(s) which is derived from the Animal Trait Ontology (Hughes et 
al. 2008).  Depending on the use case, additional information may be requested, such as the 
target trait.  The tool processes overlapping pairs of QTL and outputs the radiation hybrid, 
linkage map, and genome coordinates that correspond to each overlapping QTL pair.  In 
addition, the QTL id’s for each pair are recorded and the user is able to link to more specific 
information about the QTL such as test statistics, flanking marker, and reference information.  
The CAQ also outputs a peak marker indicator for each result in the overlapping pairs.  The 
peak marker is the location within a QTL that is the most likely position of the causal 
mutation that is responsible for the effect on the trait of interest.  Therefore, if each member 
of the overlapping pair is inclusive of a peak marker, there is a high probability that the 
overlapping region has a statistically significant effect on the specified trait(s).   
 The interface of the CAQ tool allows users to choose between the use cases through 
the selection of the tabs at the top of the page (Figure 4.2).  The user can choose between the 
pig, cattle, or chicken as the query species of interest.  The query trait can be selected from 
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the Animal Trait Ontology.  The ATO is shown in a tree form, which allows users to see the 
hierarchical structure of the traits and the relation of traits to one another.  Users are also able 
to manually enter the trait name into a trait box, which has an auto complete mechanism.  
Finally, the user is able to select the query chromosome, and the centimorgan range (start and 
end).  Depending on the selected use case, additional information such as the target trait may 
be required.  
Cases of pleiotropy 
 
 A possible utility of the CAQ tool is its ability to identify regions of the genome 
where possible cases of pleiotropy might exist.  The results of the whole genome trait to trait 
comparison in the pig reported here, resulted in the identification of several regions of the 
genome where cases of pleiotropy may exist.  These cases are mainly inclusive of expected 
cases of possible pleiotropy (Table 1), meaning that the traits belonged to the same trait 
classifications.  For instance, the case of ‘backfat at 17 weeks of age’ and ‘backfat at 13 
weeks of age’ which both belong to the product property class are different measures of the 
same trait, ‘backfat’.  However, there were several cases that contained traits that were from 
different class categories.  For example, on chromosome 1, the majority of the cases were 
from the product quality and development trait class categories.  This occurrence can be 
explained by the nature of the relationship between product quality and development traits.  
For instance, in pig production, there tends to be a higher selection for high growth rate traits 
and/or descreased backfat thickness (Rauw et al. 1998).   
In addition to exhibiting expected cases of possible pleiotropy, the results of the 
whole genome trait to trait comparison revealed a few cases that were not expected (Table 
2).  The non-expected results are indicative of those cases that belong to class categories that 
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have no strong indication of relationship in the published literature.  For example, it was not 
expected to see the pairing of serum cytokeratin 20 level (CK20) (Yue et al. 2003), which is 
a behavioral trait that belongs to the exterior classification and leaf fat weight (Su et al. 
2002), which belongs to the product quality classification.  It is the discovery of cases such as 
this that adds to the benefits of the CAQ tool. 
Statistical Results 
In order to determine the significance of the relationship between the pleiotropy score 
level and trait concordance score, a chi-square test was performed.  The results of the chi-
square test demonstrate that given a pleiotropy score, the distribution of trait concordance 
scores are independent of each other (Table 3).  This would indicate that there is a significant 
difference between the pleiotropy score as it relates to trait concordance score, meaning that 
the pleiotropy score from traits which are from the same classification are statistically 
different from those which are from different classifications.  In addition, the results of the 
binomial distribution analysis (Table 4) indicate that for each pleiotropy score level (high, 
average, low) there is evidence that there is not an equal distribution between trait 
concordance scores.  This would further indicate that at each pleiotropy score level there is a 
statistical difference between concordant and nonconcordant pairs.  This shows a statistical 
difference between traits from the same and different classifications at each level of 
pleiotropy. 
 We were interested in examining whether the distance between peak values was a 
predictor of the trait concordance score.  In order to perform the analysis, a logistic 
regression analysis was performed (Table 5).  The results show that for several of the 
chromosomes (2, 4, 5, 8, 12, and 15), the odds of having a concordant trait relationship are 
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smaller for larger distances between peaks.  In other words, there is evidence that concordant 
pairs of traits have smaller distances between peaks than nonconcordant pairs.  The data 
associated with this analysis can be found in a supplementary Table 1.  These results further 
demonstrates a statistical difference between concordant and nonconcordant traits, especially 
as it relates to distance between peaks. 
The results of published QTL experiments have shed light into the relationships 
between the phenotype and genotypes of the pig (Ron & Weller 2007; Rothschild 2007).  
However, there are additional questions that could be examined.  Here we report that there 
are regions of the pig genome that may house mutations that exhibit pleiotropic effects.  For 
instance, chromosome 4 of the pig, had the largest number of overlapping QTL from either 
concordant and nonconcordant trait QTL (Figure 4.1).  Upon closer examination, 
chromosome 4 had the largest number of total QTL associated with it.  On the other hand, 
chromosomes 9, 11, 13, 16, 17, and 18, all of which had no cases of concordant or 
concordant traits, had much smaller number of QTL associated with them.  As expected, this 
result would indicate that chromosomes that have a higher concentration of QTL have a 
greater likelihood of having overlapping QTL between concordant and nonconcordant traits.  
However, there were cases in which chromosomes with few overlapping QTL, did exhibit a 
larger number of QTL than some of those chromosomes, which did report overlapping QTL.  
A further examination of this result could shed interesting insights into the relationship 
between the number of QTL associated with a chromosome and the number of overlapping 
QTL.   
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The results of the logistic regression test indicate that for some of the chromosomes 
there is evidence that concordant pairs of traits have smaller distances between peaks than 
nonconcordant pairs.  This result was not evident for all of the chromosomes.   
With the advent of high-throughput genotyping technologies, it is envisioned that the 
number of markers that individuals are genotyped for will increase dramatically.  This should 
result in smaller QTL intervals.  As a result, it would be worth investigating whether having 
more refined QTL regions would have an effect on these results.  The assumption is that the 
closer the QTL peaks are to each other, the more likely they are to have a concordant trait 
relationship. 
 Another interesting analysis would be the examination of whether the traits were 
appropriately placed into the correct six trait classes.  With the current data set, such an 
analysis is impossible.  This is because there is no means of quantifying the phenotypes 
associated with the traits, such as in gene expression data (Nettleton et al. 2008).  If this data 
were present, a permutation test could be performed to see if placing the traits in different 
classes would alter the statistics associated with the trait to phenotype relationship.  
Conclusions 
 The CAQ tool allows users to identify regions of livestock genomes that contain QTL 
that overlap on another.  The user interface currently supports two use cases.  One benefit of 
CAQ would be its ability to identify, both expected and unexpected, regions of the genome 
that may contain mutations that have pleiotropic effects.  The tool is expected to grow in the 
near future to include more QTL experiments, additional livestock species, and species to 
species comparison capabilities. 
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Trait 1 Trait 2 Class Categories Reference 
average daily gain (3-
10 weeks) 
backfat (13 weeks of 
age) 
development/product quality (Bidanel 2001) 
body weight at 13 
weeks of age 
body weight at 3 weeks 
of age 
development/development (Edwards et al. 
2007) 
lean mass (weight), backfat (60 kg live 
weight) 
product quality/product quality (Kim 2006) 
body weight at 13 
weeks of age 
average daily gain (3-
10 weeks) 
development/development (Vieira Pires 2007) 
body weight at 22 
weeks of age 
body weight at 17 
weeks of age 
development/development (Edwards et al. 
2007) 
 
Table 4.1  Evidence supporting possible cases of pleiotropy in the pig, which are expected.  
The traits along with their corresponding class categories are indicated. 
 
 
 
 
 
Trait1 Trait2 Class Categories 
ovulation rate lean percentage reproduction/product quality 
ovulation rate lean mass (weight) reproduction/product quality 
CK20 backfat (13 weeks of age) exterior/product quality 
CK20 leaffat weight exterior/product quality 
feed conversion ratio subcutaneous fat depth production/product quality 
 
Table 4.2.  Evidence supporting possible cases of pleiotropy in the pig, which are not 
expected.  The traits along with their corresponding class categories are indicated. 
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Table 4.3.  The results of the chi square analysis.  The chi-square statistic included a degrees 
of freedom value of 2, a chi square value of 36.04, and a p-value of <.0001.  The results 
indicate that there is a significant difference between the pleiotropy count level as it relates to 
trait concordance score.   
 
 
 
 
 
 
f Probability that p=.5 for each 
pleiotropy count 
p-value 
f(68,25,43) 0:0 0.038 
f(189,61,127) 1:0 or 0:1 1.92 E-06 
f(332,141,191) 1:1 .007 
 
Table 4.4.  In order to analyze whether the results of the general case of pleiotropy score and 
concordant/nonconcordant classifications held true for the three pleiotropy score levels, a 
binomial distribution was performed.  The results of the binomial distribution analysis which 
indicates that that for each level of possible pleiotropy, there is evidence that there is a equal 
skewed distribution between concordant and nonconcordant pairs of traits.  For instance, for 
the first case, f(68,25,43) indicates that for a total of 68 cases, a test was conducted test the 
probability of  seeing values that are more of less extreme than 25 and 43.  The probability 
that p=.5, test whether there will be equal amounts of both groups for the 0.0 pleiotropy level.  
And a p-value of 0.038 indicates that an equal distribution is not expected between 
concordant and nonconcordant groups. 
   
   
 
Trait concordance 
score  
Total 
   concordant nonconcordant 
Level of 
Pleiotropy 
0:0 
lowest pleiotropic 
effect 
1:0 or 0:1 
low pleiotropic 
effect 
1:1 
higher pleiotropic 
effect 
actual 
actual 
actual 
expected 
expected 
expected 
43 25 
34.05 33.94 
61 128 
88.23 80.76 
191 
166.2
8 
141 
165.7
2 
Total 295 294 
68 
189 
332 
589 
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Chromosome Variable Regression 
coefficient(SE) 
p 
1 Intercept -0.1142 (0.0666) 0.0863 
 Distance 0.00220 (0.00115) 0.0551 
2 Intercept 0.0442 (0.0620) 0.4757 
 Distance 0.00317 (0.000934) 0.0007 
3 Intercept 0.1049 (0.1967) 0.5939 
 Distance 0.00214 (0.00456) 0.6396 
4 Intercept 0.0362 (0.0413) 0.3800 
 Distance -0.00737 (0.00131) <.0001 
5 Intercept 0.8839 (0.2367) 0.0002 
 Distance -0.0113 (0.00505) 0.0249 
6 Intercept 0.2549 (0.0652) <.0001 
 Distance -0.00004 (0.00155) 0.9807 
7 Intercept 0.5735 (0.0535) <.0001 
 Distance -0.00003 (0.00155) 0.9858 
8 Intercept -0.5743 (0.1702) 0.0007 
 Distance 0.00641 (0.00310) 00385 
9 Intercept -0.3334 (0.2132) 0.1180 
 Distance -0.00012 (0.00296) 0.9671 
10 Intercept -1.0574 (0.5201) 0.0420 
 Distance 0.00947 (0.00915) 0.3011 
12 Intercept -0.1776 (0.3688) 0.6300 
 Distance 0.0163 (0.00783) 0.0374 
13 Intercept -0.6085 (0.1445) <.0001 
 Distance -0.00054 (0.00256) 0.8321 
15 Intercept 1.1916 (0.1899) <.0001 
 Distance -0.0151 (0.00405) 0.0002 
 
Table 4.5.  The results show that for several of the chromosomes (2, 4, 5, 8, 12, and 15), the 
odds of having a concordant trait relationship are smaller for larger distances between peaks.  
In other words, there is evidence that concordant pairs of traits have smaller distances 
between peaks than nonconcordant pairs as result of an alpha level below .05.   
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Figure 4.1.  Summarizes the range of overlapping trait pairs based on their respective 
classification systems for the eighteen autosomes of the pig.  For instance, on chromosome 1, 
the combination of traits which both belong to product quality are indicated by a light green 
bar with a range of 20 – 80 cm.  This range is inclusive of all combinations of product 
quality::product quality traits on chromosome one.  
 
 
 
 
Figure 4.2.  Interface of the CAQ tool.  The user is able to choose a tab which gives the 
option of choosing QTL experiments which overlap based on a single trait and single species 
or a two traits and a single species.  The species drop down box allows a user to select 
between the pig, cattle, and chicken.  A trait may be manually typed or chosen from the 
expandable tree.  The chromosome and centimorgan range are also required. 
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CHAPTER 5.  GENERAL CONCLUSIONS 
 
 This dissertation has focused on the creation of hypothesis based on the use of the 
Animal Trait Ontology (ATO) and the Comparative Animal QTL (CAQ) tool to compare 
traits, phenotypes, and QTL experiments within and between livestock animal species; in 
particular, cattle, chicken, and the pig.  The first chapter gave a general overview of the 
problem, focusing on background information on quantitative trait loci and biological 
ontologies, and then reviewing other tools which have dealt with comparative genomics in 
other species.  The second chapter focused on the Animal Trait Ontology (ATO) that is 
aimed at developing a standardized trait vocabulary for farm animals and software tools to 
assist the research community in collaboratively creating, editing, maintaining, and using 
such an ontology for annotating and querying data.  The third chapter discussed the Human 
and Animal Trait ontology which will be a consortium of biological ontologies that will 
integrate common phenotypes and traits across mammalian species.  The fourth chapter 
discusses the Comparative Animal QTL (CAQ) tool which is a novel tool that allows 
researchers to compare QTL experiments given different traits and species for three use 
cases: one trait given one species, two traits given one species, and two species given one 
trait. 
The Animal Trait Ontology is the first ontology that deals with domesticated animal 
phenotypic traits.  The ATO will enable scientist to browse, search, and visualize current and 
future terms, allowing scientist to contribute individually to a large community effort.  It 
currently contains traits associated with cattle, the chicken, and the pig.  The Collaborative 
Ontology Building (COB) editor is being used to edit the ATO.  It offers the novel capability 
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of curators located in disparate locations to work on the same ontology, even avoiding 
concurrent access problems.  The ATO is expected to grow significantly in the near future 
with the inclusion of more livestock species and traits.  In the future, the ATO is expected to 
collaborate with other ontology efforts such as the Phenotype Quality Ontology (PATO) and 
HAT.  The ATO is expected to have a profound impact on the descriptions of phenotypes 
associated with livestock species by forming a standard of nomenclature for animal scientist 
around the world.   
The Human and Animal Trait ontology will play an important role in annotating, 
integrating, analyzing, and interpreting biological data.  It is also expected to grow and 
include new species ontology developments.  Just as the gene ontology has had a profound 
effect on the development of ontologies that followed (particularly those which deal with 
gene annotations), HAT is expected to be a standard for future ontologies that deal with 
phenotypes and traits in the human and animal species.   
 The Comparative Animal QTL (CAQ) tool is a novel tool that is contributing to 
finding candidate genes that underlie QTL.  The most powerful feature of CAQ is its ability 
to locate possible cases of pleiotropy.  The tool takes advantage of recent advances in genetic 
and physical mapping integrating the linkage map (LM), radiation hybrid (Rh) map, and 
species genome maps of cattle, the chicken, and the pig.  It is expected to grow in the near 
future by including more species and traits.   
 Insights into the genes that underlie QTL in livestock species will continue to be a 
challenging research area.  The ATO and its associated tools, along with the CAQ, and the 
future implementation of the HAT ontology are important developments that will contribute 
to the understanding of this problem. 
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APPENDIX A. PREVIOUS RESEARCH BEFORE JOINING THE REECY 
LABORATORY 
 
The following paragraphs highlight research that I performed Ph.D. student before 
joining the laboratory of Dr. James Reecy.  My Ph.D. work began when I was a research 
assistant in the laboratory of Dr. Daniel Berleant who was then a member of the Electrical 
and Computer Engineering department.  After about a year of being a student in his 
laboratory, Dr. Berleant departed Iowa State University to take a position at another 
university.  As a result, I joined the laboratory of Dr. James Reecy and the animal science 
department. 
During my time in the Berleant laboratory, my research focus involved data mining of 
biological text.  In particular, I examined more efficient means of text mining biological text 
in the scientific literature.  This examination led to the development of two software tools 
that improved the retrieval of biological journals from repositories.  There were two papers, 
of whom I am a second author, that resulted from these tools.  The first paper is entitled: 
“PathbinderH: a Tool for Sentence-Focused, Plant Taxonomy-Sensitive Access to the 
Biological Literature.”  It is synopsized in the following abstract: 
 “Mining the biological “literaturome” promises significant advancements in genome annotation, 
literature access, curation support, and other applications. Standard tools allow users to identify scientific 
abstracts containing one or more query terms.  In contrast, PathBinderH is a Web- served text mining tool that 
allows users to search PubMed (including MEDLINE) for sentences with co-occurring terms and their 
containing abstracts. The most novel and distinguishing feature of PathBinderH, however, is that the set of 
abstracts to be searched can be constrained by user- specified plant taxa. This enables (1) screening out abstracts 
dealing with species of less interest while retrieving sentences from abstracts about any of the potentially many 
species within the specified taxa, and (2) identifying abstracts that are more likely to prove relevant to a user 
than abstracts that contain the query terms in different sentences because the query terms are more likely to be 
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used in a coordinated way.  
  PathBinderH may be run over the Web at www.plantgenomics.iastate.edu/PathBinderH. By making it 
easier to access relevant literature, PathBinderH not only enables the plant community to efficiently zero in on 
existing works, enhancing their dissemination and hence their c contributions, it also demonstrates a 
literature access model that can be directly applied to the literatures of other biological research communities.” 
 The second paper is entitled: “PubMed Assistant: a biologist-friendly internet enhanced 
PubMed search.”  It is described in the following abstract: 
“Summary: MEDLINE is one of the most important bibliographical information sources for biologist 
and medical workers.  Its PubMed interface supports Boolean queries, which are potentially expressive and 
exact.  However, PubMed is also designed to support simplicity of use at the expense of query expressiveness 
and exactness.  Many PubMed users have never tried explicit Boolean queries.  We developed a java program, 
PubMed Assistant, to make literature access easier in several ways.  PubMed Assistant provides an interface 
that efficiently displays information about the citations and includes useful functions such as keyword 
highlighting, export to citation managers, clickable links to Goggle Scholar and others that are lacking in 
PubMed. 
Availability: PubMed Assistant and a detailed online manual are freely available at 
http://metnetdb.gdcb.iastate.edu/browser under a GPL (GNU General Public License).”   
The research experience that I had in the Berleant laboratory was beneficial in several 
ways.  First, it gave me a broader understanding of the field of data mining.  It also gave me 
an appreciation of semantics issues involved with the development of biological ontologies.  
Ultimately, the skills that I gained from the experience helped me with subsequent 
dissertation work in biological ontologies due their overlapping them of text. 
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APPENDIX B:  COMPARATIVE ANIMAL QTL QUERY TOOL REQUIEMENTS 
 
 The following details the requirements for the comparative QTL tool.  The 
requirements for the tool were circulated to different research groups in the animal science 
research community who would benefit from such a tool.  The groups included Gary Rohrer 
of the USDA and Fiona McCarty’s group at Mississippi State University.  The groups were 
receptive to the tool and thought it would be beneficial to their research efforts. 
Use Cases 
 
A major goal of the comparative QTL tool is to compare QTL experiments within and 
between species, along with comparing one to two traits in one species.  The tool is inclusive 
of three use cases: 
• S1,T1 – In this use case, there is one species (S) of interest compared against 
one trait (T) of interest. (Figure. 2) 
 
• S1,T1 : S1,T2 – In this use case, there is one species of interest compared 
against two traits of interest. (Figure. 3) 
 
 
Term Key 
 
The following terms and definitions serve as a definition key for important input and 
output variables:   
• Query species – base species of interest 
 
• Target species – 2nd species of interest 
 
• Query chromosome – base species chromosome of interest 
 
• Query trait – base trait of interest 
 
• Query centimorgan (cm) range – Centimorgan range on the Linkage Map (LM) that a 
user is interested in focusing on 
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• QTL id’s – Identification number from the QTLdb for each QTL (or experiment).  
The id’s will be represented in a pair wise fashion for those overlapping QTL (or 
experiments) 
 
• Linkage Map (LM) overlap - overlapping region on the linkage map (LM) for each 
pair wise QTL experiment 
 
• Radiation Hybid (Rh) Map Coordinates – overlapping region on the radiation hybrid 
(Rh) map for each pair wise QTL experiment 
 
• Genome (G) map overlap – overlapping region on the Genome (G) map for each pair 
wise QTL experiment 
 
• Peak count – indicates whether a QTL Peak value is associated with either of the two 
pairwise QTL experiments.  Key:  NR – not reported; 0 – reported, but not in the 
overlapping QTL region; 1 – reported 
 
 Interface (Query Page) 
 
 The user interface was designed using the Google Web Toolkit (version 1.4).  The 
toolkit makes it easier for developer to AJAX applications using the java programming 
language.  The input request are as follows:       
 
1) User will be initially queried for which use case that they are interested in: 
a. S1, T1 
b. S1, T1, S1, T2 
 
2) The user will then be prompted for a series of inputs (each input value MUST be 
completed: 
a. Query species 
b. Query trait 
c. Query Chromosome 
d. Query centimorgan (cm) range 
 
3) Depending on which case is selected, the user will be prompted for additional inputs: 
a. If case a. was selected in 1), no additional information is needed 
b. If case b. was selected in 2), a target trait is prompted. 
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Figures and Output 
 
 The following figures visualize examples of the three use cases.  It includes a view of 
how the QTL positions may be viewed from one map to another.  An example of output for 
each use case is also displayed.  In each use case, QTL experiments for one or two traits are 
indicated and overlapping experiments are indicated.   
Case a:  S1,T1  
    
 
 
Figure 2.  Use case a.  Involves one species and one trait of interest.  Overlapping QTL 
experiments are grouped on a pairwise basis.  Corresponding overlapping regions on the 
radiation hybrid (Rh), genome (G), and human genome (Hu G) maps are indicated.  The Hu 
G map is broken down to the Hu G1 and Hu G2 maps due to differential breakpoints which 
are possible in such a query. 
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Case a: OUTPUT 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Case b:  S1,T1 : S1,T2 
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1,3 x y x Y x y 0, 1 
 
1,4 x y x Y x y NR, NR 
 
2,4 x y x Y x y NR, NR 
 
3,4 x Y x Y x y NR, NR 
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Figure 3.  Use case b.  Involves one species and two traits of interest.   Overlapping QTL 
experiments between traits are grouped on a pair wise basis.  The Hu G map is broken down 
to the Hu G1 and Hu G2 maps due to differential breakpoints which are possible in such a 
query. 
 
Case b: OUTPUT 
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1, a x y x y x y 1, 1 
1, b x y x y x y NR, NR 
2, c x y x y x y NR, NR 
3, a x y x y x y NR, NR 
3, b x y x y x y NR, NR 
4, b x y x y x y NR, NR 
4, c x y x y x y NR, NR 
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APPENDIX C: COMPATIVE QTL QUERY TOOL PSEUDO CODE 
 
 The following algorithm demonstrates the code for the java program which was 
developed to processes the user input variables, use the input variables to query the QTLdb 
database, traverse the genetic and physical maps via queries to the QTLdb, and output the 
results.   
 
If use case = “S1,T1” 
 What is the query species? 
  If query species = ‘pig’ 
   Query species = ‘pig’;   
  Else if query species = ‘cattle’ 
   Query species = ‘cattle’ 
  Else query species = ‘chicken’ 
   Query species = ‘chicken’   
 What is the query trait? 
  Query Trait = ‘x’; 
 What is the query chromosome? 
  Query Chromosome = ‘y’; 
 What is the Query centimorgan (cm) range? 
  Query Centimorgan (cm) Range = ‘z’; 
  query overlapping cm start (LM) & query overlapping cm end (LM) 
  
If Query species = ‘pig’ 
  Get the markers associated with QTL associated with the region of interest 
  For each marker result 
   Get the marker location (cm) for each group of markers 
  For each group of markers 
   Compare to see if there is overlap 
  For each Linkage Map group overlapping group result 
   Get the Rh Map coordinates information 
Get First Query and Second Query result 
If rhgroup data for each query match 
  Use data 
  For each Rh Map coordinates group result 
   Get the corresponding human G information 
   Convert the human location (Mb -> base pairs) 
 
 Else If Query species = ‘cattle’ 
  Get the markers associated with QTL associated with the region of interest 
  For each marker result 
   Get the marker location (cm) for each group of markers 
  For each group of markers 
   Compare to see if there is overlap 
  For each Linkage Map group overlapping group result 
   Get the Rh Map coordinates information 
Get First Query and Second Query result 
If rhgroup data for each query match 
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  Use data 
Get the Cattle Genome information 
   Get the Human Genome information 
 
 Else if Query species = ‘chicken’ 
  Get the markers associated with QTL associated with the region of interest 
  For each marker result 
   Get the marker location (cm) for each group of markers 
  For each group of markers 
   Compare to see if there is overlap 
  For each Linkage Map group overlapping group result 
   Get the Chicken Genome information  
   Get the Human Genome information 
 
If use case = “S1,T1 : S1,T2” 
 What is the query species? 
  If query species = ‘pig’ 
   Query species = ‘pig’;   
  Else if query species = ‘cattle’ 
   Query species = ‘cattle’ 
  Else query species = ‘chicken’ 
   Query species = ‘chicken’   
 What is the query trait? 
  Query Trait = ‘x’; 
 What is the query chromosome? 
  Query Chromosome = ‘y’; 
 What is the Query centimorgan (cm) range? 
  Query Centimorgan (cm) Range = ‘z’; 
  query overlapping cm start (LM) & query overlapping cm end (LM) 
 What is the Target trait? 
 
If Query species = ‘pig’ 
  Get the markers associated with QTL associated with the region of interest 
  For each marker result 
   Get the marker location (cm) for each group of markers 
  For each group of markers 
   Compare to see if there is overlap between QTL that does NOT belong to the same species 
 If overlap 
  Get overlapping region 
  Indicate Peak_Marker for each group member (e.g. 0, 1, NR) 
Else 
  Skip 
  For each Linkage Map group overlapping group result 
   Get the Rh Map coordinates information 
Get First Query and Second Query result 
If rhgroup data for each query match 
  Use data 
  For each Rh Map coordinates group result 
   Get the corresponding human G information 
   Convert the human location (Mb -> base pairs) 
 
 Else If Query species = ‘cattle’ 
  Get the markers associated with QTL associated with the region of interest 
  For each marker result 
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   Get the marker location (cm) for each group of markers 
  For each group of markers 
   Compare to see if there is overlap between QTL that does NOT belong to the same species 
 If overlap 
  Get overlapping region 
  Indicate Peak_Marker for each group member (e.g. 0, 1, NR) 
Else 
  Skip 
  For each Linkage Map group overlapping group result 
   Get the Rh Map coordinates information 
Get First Query and Second Query result 
If rhgroup data for each query match 
  Use data 
Get the Cattle Genome information 
   Get the Human Genome information 
   
 Else if Query species = ‘chicken’ 
  Get the markers associated with QTL associated with the region of interest 
  For each marker result 
   Get the marker location (cm) for each group of markers 
  For each group of markers 
   Compare to see if there is overlap between QTL that does NOT belong to the same species 
 If overlap 
  Get overlapping region 
  Indicate Peak_Marker for each group member (e.g. 0, 1, NR) 
Else 
  Skip 
  For each Linkage Map group overlapping group result 
   Get the Chicken Genome information  
   Get the Human Genome information 
 
OUTPUT results  
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APPENDIX D: FUTURE IMPLEMENTATION OF THE CROSS SPECIES 
COMPARISONS 
 
In order to perform QTL comparisons across species, it would be necessary to link 
different genetic and physical maps (genetic, radiation hybrid, and physical) for each species 
(pig, cattle, chicken).  Currently, some maps are not available in some species, such as the 
genome map for the pig and the Rh map in cattle.  Therefore, in order to form a link between 
the maps of the three species, the human genome map could be was used.  This 
implementation could be performed by downloading the pig, cattle, and chicken genome 
maps which correspond to the human map from the UCSC Genome Browser website.  
Unfortunately, due to issues with evolutionary gaps between the species involved, this would 
be a difficult task to implement.  However, in theory, it would be an ideal approach. 
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Figure 1.  Indicates maps which are available for each species and how a link was 
established between the three species.  This linked allows comparative QTL analysis 
to be performed. 
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APPENDIX E: SUPPLEMENTARY MATERIAL FOR THE COMPARATIVE QTL 
PAPER (CHAPTER 4) 
 
Section 1.  This section includes raw data for the trait to trait comparison of each autosome 
in the pig which included overlapping pairs that were from one of the three significance 
levels (significant pleiotropic effect, suggestive pleiotropic effect, and minimal pleiotropic 
effect).  Each result includes two rows of data.  The first row includes trait 1, trait 2, the 
chromosome, the start centimorgan location, and the end centimorgan location.  The second 
row includes the QTL id 1, QTL id 2, the start centimorgan location, the end centimorgan 
location, the radiation hybrid start location, the radiation hybrid end location, the significance 
level (1:1, 1:0 or 0:1, or 0:0), and the classification pair that the traits belong to. 
 
 
 
Chr 1 
 
backfat (17 weeks of age),backfat (13 weeks of age),1,131.0,141.5 
192,193    131.0    141.5    -1.0    -1.0    1,1  product quality/product quality     
backfat (22 weeks of age),backfat (13 weeks of age),1,131.0,141.5 
192,194    131.0    141.5    -1.0    -1.0    1,1     product quality/product quality 
backfat (22 weeks of age),backfat (17 weeks of age),1,131.0,141.5 
193,194    131.0    141.5    -1.0    -1.0    1,1  product quality/product quality 
backfat (40 kg live weight),backfat (13 weeks of age),1,131.0,141.5 
192,195    131.0    141.5    -1.0    -1.0    1,1  product quality/product quality 
backfat (40 kg live weight),backfat (17 weeks of age),1,131.0,141.5 
193,195    131.0    141.5    -1.0    -1.0    1,1  product quality/product quality 
backfat (40 kg live weight),backfat (22 weeks of age),1,131.0,141.5 
194,195    131.0    141.5    -1.0    -1.0    1,1  product quality/product quality 
backfat (60 kg live weight),backfat (13 weeks of age),1,131.0,141.5 
192,196    131.0    141.5    -1.0    -1.0    1,1  product quality/product quality 
backfat (60 kg live weight),backfat (17 weeks of age),1,131.0,141.5 
193,196    131.0    141.5    -1.0    -1.0    1,1  product quality/product quality 
backfat (60 kg live weight),backfat (22 weeks of age),1,131.0,141.5 
194,196    131.0    141.5    -1.0    -1.0    1,1  product quality/product quality 
backfat (60 kg live weight),backfat (40 kg live weight),1,131.0,141.5 
195,196    131.0    141.5    -1.0    -1.0    1,1  product quality/product quality 
Trimmed whole-sale product / live weight,drip loss,1,124.0,144.0 
80,13    124.0    144.0    -1.0    -1.0    1,1  product quality/product quality 
Trimmed whole-sale product / carcass weight,drip loss,1,118.5,144.0 
80,16    118.5    144.0    -1.0    -1.0    1,1   product quality/product quality 
Trimmed whole-sale product / carcass weight,Trimmed whole-sale product / live weight,1,124.0,144.0 
16,13    124.0    144.0    -1.0    -1.0    1,1   product quality/product quality 
 
 
body weight at 3 weeks of age,average daily gain (3-10 weeks),1,138.0,140.5 
170,167    138.0    140.5    3567.1    3605.5    1,1 development/development 
body weight at 10 weeks of age,average daily gain (3-10 weeks),1,132.0,141.5 
170,660    132.0    141.5    -1.0    -1.0    1,1  development/development 
body weight at 10 weeks of age,body weight at 3 weeks of age,1,138.0,140.5 
660,167    138.0    140.5    3567.1    3605.5    1,1 development/development 
body weight at 13 weeks of age,average daily gain (3-10 weeks),1,132.0,141.5 
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170,661    132.0    141.5    -1.0    -1.0    1,1  development/development 
170,168    132.0    140.5    3474.8    3605.5    1,1 development/development 
body weight at 13 weeks of age,body weight at 3 weeks of age,1,138.0,140.5 
661,167    138.0    140.5    3567.1    3605.5    1,1 development/development 
168,167    138.0    140.5    3567.1    3605.5    1,1 development/development 
body weight at 13 weeks of age,body weight at 10 weeks of age,1,118.5,153.0 
660,661    118.5    153.0    -1.0    -1.0    1,1  development/development 
660,168    130.0    140.5    3444.0    3605.5    1,1 development/development 
body weight at 17 weeks of age,average daily gain (3-10 weeks),1,132.0,141.5 
170,662    132.0    141.5    -1.0    -1.0    1,1  development/development 
170,169    134.0    141.5    -1.0    -1.0    1,1  development/development 
body weight at 17 weeks of age,body weight at 3 weeks of age,1,138.0,140.5 
662,167    138.0    140.5    3567.1    3605.5    1,1 development/development 
169,167    138.0    140.5    3567.1    3605.5    1,1 development/development 
body weight at 17 weeks of age,body weight at 10 weeks of age,1,118.5,153.0 
660,662    118.5    153.0    -1.0    -1.0    1,1  development/development 
660,169    134.0    146.0    -1.0    -1.0    1,1  development/development 
body weight at 17 weeks of age,body weight at 13 weeks of age,1,118.5,153.0 
661,662    118.5    153.0    -1.0    -1.0    1,1  development/development 
661,169    134.0    146.0    -1.0    -1.0    1,1  development/development 
168,662    130.0    140.5    3444.0    3605.5    1,1 development/development 
168,169    134.0    140.5    3505.5    3605.5    1,1 development/development 
 
 
 
average daily gain (3-10 weeks),backfat (13 weeks of age),1,132.0,141.5 
170,192    132.0    141.5    -1.0    -1.0    1,1    development/product quality 
average daily gain (3-10 weeks),backfat (17 weeks of age),1,132.0,141.5 
170,193    132.0    141.5    -1.0    -1.0    1,1    development/product quality 
average daily gain (3-10 weeks),backfat (22 weeks of age),1,132.0,141.5 
170,194    132.0    141.5    -1.0    -1.0    1,1    development/product quality 
average daily gain (3-10 weeks),backfat (40 kg live weight),1,132.0,141.5 
170,195    132.0    141.5    -1.0    -1.0    1,1    development/product quality 
average daily gain (3-10 weeks),backfat (60 kg live weight),1,132.0,141.5 
170,196    132.0    141.5    -1.0    -1.0    1,1    development/product quality 
body weight at 3 weeks of age,backfat (13 weeks of age),1,138.0,140.5 
192,167    138.0    140.5    3567.1    3605.5    1,1 development/product quality 
body weight at 3 weeks of age,backfat (17 weeks of age),1,138.0,140.5 
193,167    138.0    140.5    3567.1    3605.5    1,1       development/product quality 
body weight at 3 weeks of age,backfat (22 weeks of age),1,138.0,140.5 
194,167    138.0    140.5    3567.1    3605.5    1,1 development/product quality 
body weight at 3 weeks of age,backfat (40 kg live weight),1,138.0,140.5 
195,167    138.0    140.5    3567.1    3605.5    1,1 development/product quality 
body weight at 3 weeks of age,backfat (60 kg live weight),1,138.0,140.5 
196,167    138.0    140.5    3567.1    3605.5    1,1 development/product quality 
body weight at 10 weeks of age,backfat (13 weeks of age),1,131.0,141.5 
192,660    131.0    141.5    -1.0    -1.0    1,1  development/product quality 
body weight at 10 weeks of age,backfat (17 weeks of age),1,131.0,141.5 
193,660    131.0    141.5    -1.0    -1.0    1,1  development/product quality 
body weight at 10 weeks of age,backfat (22 weeks of age),1,131.0,141.5 
194,660    131.0    141.5    -1.0    -1.0    1,1  development/product quality 
body weight at 10 weeks of age,backfat (40 kg live weight),1,131.0,141.5 
195,660    131.0    141.5    -1.0    -1.0    1,1  development/product quality 
body weight at 10 weeks of age,backfat (60 kg live weight),1,131.0,141.5 
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196,660    131.0    141.5    -1.0    -1.0    1,1  development/product quality  
body weight at 10 weeks of age,drip loss,1,118.5,153.0 
660,80    118.5    153.0    -1.0    -1.0    1,1  development/product quality 
body weight at 10 weeks of age,Trimmed whole-sale product / live weight,1,124.0,144.0 
660,13    124.0    144.0    -1.0    -1.0    1,1  development/product quality 
body weight at 10 weeks of age,Trimmed whole-sale product / carcass weight,1,118.5,144.0 
660,16    118.5    144.0    -1.0    -1.0    1,1  development/product quality 
body weight at 13 weeks of age,backfat (13 weeks of age),1,131.0,141.5 
192,661    131.0    141.5    -1.0    -1.0    1,1  development/product quality 
192,168    131.0    140.5    3459.4    3605.5    1,1 development/product quality 
body weight at 13 weeks of age,backfat (17 weeks of age),1,131.0,141.5 
193,661    131.0    141.5    -1.0    -1.0    1,1  development/product quality 
193,168    131.0    140.5    3459.4    3605.5    1,1 development/product quality 
body weight at 13 weeks of age,backfat (22 weeks of age),1,131.0,140.5 
194,661    131.0    141.5    -1.0    -1.0    1,1  development/product quality 
194,168    131.0    140.5    3459.4    3605.5    1,1 development/product quality 
body weight at 13 weeks of age,backfat (40 kg live weight),1,131.0,141.5 
195,661    131.0    141.5    -1.0    -1.0    1,1  development/product quality 
195,168    131.0    140.5    3459.4    3605.5    1,1 development/product quality  
body weight at 13 weeks of age,backfat (60 kg live weight),1,131.0,141.5 
196,661    131.0    141.5    -1.0    -1.0    1,1  development/product quality 
196,168    131.0    140.5    3459.4    3605.5    1,1 development/product quality 
body weight at 13 weeks of age,drip loss,1,118.5,153.0 
661,80    118.5    153.0    -1.0    -1.0    1,1  development/product quality 
body weight at 17 weeks of age,backfat (13 weeks of age),1,131.0,141.5 
192,662    131.0    141.5    -1.0    -1.0    1,1  development/product quality 
192,169    134.0    141.5    -1.0    -1.0    1,1  development/product quality 
body weight at 17 weeks of age,backfat (17 weeks of age),1,131.0,141.5 
193,662    131.0    141.5    -1.0    -1.0    1,1  development/product quality 
193,169    134.0    141.5    -1.0    -1.0    1,1  development/product quality 
body weight at 17 weeks of age,backfat (22 weeks of age),1,131.0,141.5 
194,662    131.0    141.5    -1.0    -1.0    1,1  development/product quality 
194,169    134.0    141.5    -1.0    -1.0    1,1  development/product quality 
body weight at 17 weeks of age,backfat (40 kg live weight),1,131.0,141.5 
195,662    131.0    141.5    -1.0    -1.0    1,1  development/product quality 
195,169    134.0    141.5    -1.0    -1.0    1,1  development/product quality 
body weight at 17 weeks of age,backfat (60 kg live weight),1,131.0,141.5 
196,662    131.0    141.5    -1.0    -1.0    1,1  development/product quality 
196,169    134.0    141.5    -1.0    -1.0    1,1  development/product quality 
body weight at 17 weeks of age,drip loss,1,118.5,153.0 
662,80    118.5    153.0    -1.0    -1.0    1,1  development/product quality 
body weight at 17 weeks of age,Trimmed whole-sale product / live weight,1,124.0,144.0 
662,13    124.0    144.0    -1.0    -1.0    1,1  development/product quality 
body weight at 17 weeks of age,Trimmed whole-sale product / carcass weight,1,118.5,144.0 
662,16    118.5    144.0    -1.0    -1.0    1,1  development/product quality 
body weight at 13 weeks of age,Trimmed whole-sale product / live weight,1,124.0,144.0 
661,13    124.0    144.0    -1.0    -1.0    1,1  development/product quality 
 
 
 
drip loss,backfat (13 weeks of age),1,131.0,141.5 
192,80    131.0    141.5    -1.0    -1.0    1,0  product quality/product quality 
drip loss,backfat (17 weeks of age),1,131.0,141.5 
193,80    131.0    141.5    -1.0    -1.0    1,0  product quality/product quality 
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drip loss,backfat (22 weeks of age),1,131.0,141.5 
194,80    131.0    141.5    -1.0    -1.0    1,0  product quality/product quality 
drip loss,backfat (40 kg live weight),1,131.0,141.5 
195,80    131.0    141.5    -1.0    -1.0    1,0  product quality/product quality 
drip loss,backfat (60 kg live weight),1,131.0,141.5 
196,80    131.0    141.5    -1.0    -1.0    1,0  product quality/product quality 
Trimmed whole-sale product / live weight,backfat (13 weeks of age),1,131.0,141.5 
192,13    131.0    141.5    -1.0    -1.0    1,0  product quality/product quality 
Trimmed whole-sale product / live weight,backfat (17 weeks of age),1,131.0,141.5 
193,13    131.0    141.5    -1.0    -1.0    1,0  product quality/product quality 
Trimmed whole-sale product / live weight,backfat (22 weeks of age),1,131.0,141.5 
194,13    131.0    141.5    -1.0    -1.0    1,0  product quality/product quality 
Trimmed whole-sale product / live weight,backfat (40 kg live weight),1,131.0,141.5 
195,13    131.0    141.5    -1.0    -1.0    1,0  product quality/product quality 
Trimmed whole-sale product / live weight,backfat (60 kg live weight),1,131.0,141.5 
196,13    131.0    141.5    -1.0    -1.0    1,0  product quality/product quality 
Trimmed whole-sale product / carcass weight,backfat (13 weeks of age),1,131.0,141.5 
192,16    131.0    141.5    -1.0    -1.0    1,0  product quality/product quality 
Trimmed whole-sale product / carcass weight,backfat (17 weeks of age),1,131.0,141.5 
 
 
193,16    131.0    141.5    -1.0    -1.0    1,0  product quality/product quality 
Trimmed whole-sale product / carcass weight,backfat (22 weeks of age),1,131.0,141.5 
194,16    131.0    141.5    -1.0    -1.0    1,0  product quality/product quality 
Trimmed whole-sale product / carcass weight,backfat (40 kg live weight),1,131.0,141.5 
195,16    131.0    141.5    -1.0    -1.0    1,0  product quality/product quality 
Trimmed whole-sale product / carcass weight,backfat (60 kg live weight),1,131.0,141.5 
196,16    131.0    141.5    -1.0    -1.0    1,0  product quality/product quality 
average daily gain (3-10 weeks),drip loss,1,132.0,141.5 
170,80    132.0    141.5    -1.0    -1.0    1,0       development/product quality 
average daily gain (3-10 weeks),Trimmed whole-sale product / live weight,1,132.0,141.5 
170,13    132.0    141.5    -1.0    -1.0    1,0       development/product quality 
average daily gain (3-10 weeks),Trimmed whole-sale product / carcass weight,1,132.0,141.5 
170,16    132.0    141.5    -1.0    -1.0    1,0        development/product quality 
body weight at 3 weeks of age,drip loss,1,138.0,140.5 
167,80    138.0    140.5    3567.1    3605.5    1,0  development/product quality 
body weight at 3 weeks of age,Trimmed whole-sale product / live weight,1,138.0,140.5 
167,13    138.0    140.5    3567.1    3605.5    1,0  development/product quality 
body weight at 3 weeks of age,Trimmed whole-sale product / carcass weight,1,138.0,140.5 
167,16    138.0    140.5    3567.1    3605.5    1,0  development/product quality 
body weight at 13 weeks of age,drip loss,1,118.5,153.0 
168,80    130.0    140.5    3444.0    3605.5    1,0  development/product quality 
body weight at 13 weeks of age,Trimmed whole-sale product / live weight,1,124.0,144.0 
168,13    130.0    140.5    3444.0    3605.5    1,0  development/product quality 
body weight at 17 weeks of age,drip loss,1,118.5,153.0 
169,80    134.0    146.0    -1.0    -1.0    1,0  development/product quality 
body weight at 17 weeks of age,Trimmed whole-sale product / live weight,1,124.0,144.0 
169,13    134.0    144.0    -1.0    -1.0    1,0  development/product quality 
body weight at 17 weeks of age,Trimmed whole-sale product / carcass weight,1,118.5,144.0 
169,16    134.0    144.0    -1.0    -1.0    1,0  development/product quality 
 
========================================================================= 
 
Chr 2 
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backfat (40 kg live weight),backfat (13 weeks of age),2,0.0,24.0 
197,198    0.0    24.0    50.3    491.8    1,1  product quality/product quality 
backfat (60 kg live weight),backfat (13 weeks of age),2,0.0,24.0 
197,199    0.0    24.0    50.3    491.8    1,1  product quality/product quality 
backfat (60 kg live weight),backfat (40 kg live weight),2,0.0,24.0 
198,199    0.0    24.0    50.3    491.8    1,1  product quality/product quality 
conductivity 24 hours post mortem,backfat (13 weeks of age),2,0.0,9.8 
197,921    0.0    9.8    50.3    257.0    1,1  product quality/product quality 
conductivity 24 hours post mortem,backfat (40 kg live weight),2,0.0,9.8 
198,921    0.0    9.8    50.3    257.0    1,1  product quality/product quality 
conductivity 24 hours post mortem,backfat (60 kg live weight),2,0.0,9.8 
199,921    0.0    9.8    50.3    257.0    1,1  product quality/product quality 
Lean mass (weight),backfat (13 weeks of age),2,0.0,9.8 
197,625    0.0    9.8    50.3    257.0    1,1  product quality/product quality 
Lean mass (weight),backfat (40 kg live weight),2,0.0,9.8 
198,625    0.0    9.8    50.3    257.0    1,1  product quality/product quality 
Lean mass (weight),backfat (60 kg live weight),2,0.0,9.8 
199,625    0.0    9.8    50.3    257.0    1,1  product quality/product quality 
Lean mass (weight),conductivity 24 hours post mortem,2,0.0,9.8 
921,625    0.0    9.8    50.3    257.0    1,1  product quality/product quality 
Backfat percentage,backfat (13 weeks of age),2,0.0,23.7 
197,622    0.0    23.7    50.3    486.3    1,1  product quality/product quality 
Backfat percentage,backfat (40 kg live weight),2,0.0,23.7 
198,622    0.0    23.7    50.3    486.3    1,1  product quality/product quality 
Backfat percentage,backfat (60 kg live weight),2,0.0,23.7 
199,622    0.0    23.7    50.3    486.3    1,1  product quality/product quality 
Backfat percentage,conductivity 24 hours post mortem,2,0.0,9.8 
622,921    0.0    9.8    50.3    257.0    1,1  product quality/product quality 
Backfat percentage,Lean mass (weight),2,0.0,9.8 
622,625    0.0    9.8    50.3    257.0    1,1  product quality/product quality 
Heart weight,backfat (13 weeks of age),2,0.0,9.8 
197,629    0.0    9.8    50.3    257.0    1,1  product quality/product quality 
Heart weight,backfat (40 kg live weight),2,0.0,9.8 
198,629    0.0    9.8    50.3    257.0    1,1  product quality/product quality 
Heart weight,backfat (60 kg live weight),2,0.0,9.8 
199,629    0.0    9.8    50.3    257.0    1,1  product quality/product quality 
Heart weight,conductivity 24 hours post mortem,2,0.0,9.8 
921,629    0.0    9.8    50.3    257.0    1,1  product quality/product quality 
Heart weight,Backfat percentage,2,0.0,9.8 
622,629    0.0    9.8    50.3    257.0    1,1  product quality/product quality 
 
Number of nipples,pH 24 hours post mortem (loin),2,31.2,57.4 
909,902    31.2    57.4    430.4    222.9    1,1  reproduction/product quality 
 
Average Daily Gain on test,drip loss,2,89.2,91.0 
47,85    89.2    91.0    1035.7    1057.2    1,0    development/product quality 
average daily gain (3-10 weeks),tenderness score,2,128.2,132.1 
171,90    128.2    132.1    1461.3    1547.2    0,1 development/product quality 
 
Loin and neck meat weight,backfat (13 weeks of age),2,5.0,15.0 
197,810    5.0    15.0    206.5    435.7    0,1  product quality/product quality  
Loin and neck meat weight,backfat (40 kg live weight),2,5.0,15.0 
198,810    5.0    15.0    206.5    435.7    0,1  product quality/product quality  
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Loin and neck meat weight,backfat (60 kg live weight),2,5.0,15.0 
199,810    5.0    15.0    206.5    435.7    0,1  product quality/product quality 
Loin and neck meat weight,conductivity 24 hours post mortem,2,5.0,9.8 
921,810    5.0    9.8    194.9    292.4    0,1  product quality/product quality 
Loin and neck meat weight,Backfat percentage,2,5.0,15.0 
622,810    5.0    15.0    206.5    435.7    0,1  product quality/product quality 
 
Ham weight,backfat (13 weeks of age),2,9.8,24.0 
197,914    9.8    24.0    180.8    456.2    0,0  product quality/product quality 
Ham weight,backfat (40 kg live weight),2,9.8,25.0 
198,914    9.8    25.0    180.8    475.6    0,0  product quality/product quality 
Ham weight,backfat (60 kg live weight),2,9.8,24.0 
199,914    9.8    24.0    180.8    456.2    0,0  product quality/product quality 
Ham weight,Backfat percentage,2,9.8,23.7 
622,914    9.8    23.7    180.8    450.4    0,0  product quality/product quality 
 
average daily gain (3-10 weeks),drip loss,2,121.0,128.2 
171,85    121.0    128.2    1420.9    1502.8    0,0   development/product quality   
 
 
Chr. 3 
 
fat androstenone level at 120 days of age,pH 45 minutes post mortem,3,58.4,73.0 
596,895    58.4    73.0    571.0    950.9    1,1  product quality/product quality 
fat androstenone level at 140 days of age,pH 45 minutes post mortem,3,58.4,73.0 
597,895    58.4    73.0    571.0    950.9    1,1  product quality/product quality 
fat androstenone level at 140 days of age,fat androstenone level at 120 days of age,3,46.0,73.0 
596,597    46.0    73.0    415.2    1063.7    1,1  product quality/product quality 
 
average daily gain (10-22 weeks),pH 45 minutes post mortem,3,58.4,77.0 
173,895    58.4    77.0    571.0    1055.0    1,1  development/product quality 
average daily gain (10-22 weeks),fat androstenone level at 120 days of age,3,46.0,73.0 
173,596    46.0    73.0    415.2    1063.7    1,1  development/product quality 
average daily gain (10-22 weeks),fat androstenone level at 140 days of age,3,46.0,73.0 
173,597    46.0    73.0    415.2    1063.7    1,1  development/product quality 
 
body weight at 22 weeks of age,pH 45 minutes post mortem,3,58.4,66.0 
172,895    58.4    66.0    571.0    807.3    0,1  development/product quality 
 
body weight at 22 weeks of age,fat androstenone level at 120 days of age,3,46.0,66.0 
172,596    46.0    66.0    415.2    968.1    0,0  development/product quality 
body weight at 22 weeks of age,fat androstenone level at 140 days of age,3,46.0,66.0 
172,597    46.0    66.0    415.2    968.1    0,0  development/product quality 
 
body weight at 22 weeks of age,average daily gain (10-22 weeks),3,45.0,66.0 
173,172    45.0    66.0    186.0    829.1    0,0  development/development 
 
 
Chr. 4 
 
backfat (60 kg live weight),backfat (40 kg live weight),4,41.8,79.3 
200,201    41.8    79.3    724.8    1574.6    1,1 product quality/product quality 
Percentage of backfat and leaf fat in carcass,backfat (40 kg live weight),4,47.8,79.3 
200,459    47.8    79.3    1088.8    1704.5    1,1 product quality/product quality 
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Percentage of backfat and leaf fat in carcass,backfat (60 kg live weight),4,47.8,79.3 
201,459    47.8    79.3    1088.8    1704.5    1,1 product quality/product quality 
subcutaneous fat depth,backfat (40 kg live weight),4,55.9,79.3 
200,632    55.9    79.3    1450.9    1835.0    1,1 product quality/product quality 
subcutaneous fat depth,backfat (60 kg live weight),4,55.9,79.3 
201,632    55.9    79.3    1450.9    1835.0    1,1 product quality/product quality 
subcutaneous fat depth,Percentage of backfat and leaf fat in carcass,4,55.9,79.3 
459,632    55.9    79.3    1450.9    1835.0    1,1 product quality/product quality 
Lean mass (weight),conductivity 24 hours post mortem,4,75.0,81.0 
961,813    75.0    81.0    1336.5    1481.0    1,1 product quality/product quality 
carcass length,backfat (40 kg live weight),4,41.8,79.3 
200,637    55.9    79.3    1450.9    1835.0    1,1 product quality/product quality 
carcass length,backfat (60 kg live weight),4,41.8,79.3 
201,637    55.9    79.3    1450.9    1835.0    1,1 product quality/product quality 
201,10    51.2    71.2    238.2    963.5    1,1 product quality/product quality 
lean percentage,conductivity 24 hours post mortem,4,74.4,81.0 
961,949    74.4    81.0    1322.1    1481.0    1,1 product quality/product quality 
lean percentage,Lean mass (weight),4,75.0,81.0 
813,949    75.0    81.0    1336.5    1481.0    1,1 product quality/product quality 
fat androstenone level at 120 days of age,backfat (40 kg live weight),4,41.8,79.3 
200,598    41.8    79.3    724.8    1574.6    1,1 product quality/product quality 
fat androstenone level at 120 days of age,backfat (60 kg live weight),4,41.8,79.3 
201,598    41.8    79.3    724.8    1574.6    1,1 product quality/product quality 
fat androstenone level at 120 days of age,Percentage of backfat and leaf fat in carcass,4,47.8,79.3 
598,459    47.8    79.3    1088.8    1704.5    1,1 product quality/product quality 
fat androstenone level at 120 days of age,subcutaneous fat depth,4,55.9,79.3 
598,632    55.9    79.3    1450.9    1835.0    1,1 product quality/product quality 
200,599    41.8    79.3    724.8    1574.6    1,1 product quality/product quality 
fat androstenone level at 140 days of age,backfat (60 kg live weight),4,41.8,79.3 
201,599    41.8    79.3    724.8    1574.6    1,1 product quality/product quality 
fat androstenone level at 140 days of age,Percentage of backfat and leaf fat in carcass,4,47.8,79.3
  
599,459    47.8    79.3    1088.8    1704.5    1,1 product quality/product quality 
fat androstenone level at 140 days of age,subcutaneous fat depth,4,55.9,79.3 
599,632    55.9    79.3    1450.9    1835.0    1,1 product quality/product quality 
fat androstenone level at 140 days of age,fat androstenone level at 120 days of age,4,41.8,79.3 
598,599    41.8    79.3    724.8    1574.6    1,1 product quality/product quality 
fat androstenone level at 160 days of age,backfat (40 kg live weight),4,41.8,79.3 
200,600    41.8    79.3    724.8    1574.6    1,1 product quality/product quality 
fat androstenone level at 160 days of age,backfat (60 kg live weight),4,41.8,79.3 
201,600    41.8    79.3    724.8    1574.6    1,1 product quality/product quality 
fat androstenone level at 160 days of age,Percentage of backfat and leaf fat in carcass,4,47.8,79.3 
600,459    47.8    79.3    1088.8    1704.5    1,1 product quality/product quality 
fat androstenone level at 160 days of age,subcutaneous fat depth,4,55.9,79.3 
600,632    55.9    79.3    1450.9    1835.0    1,1 product quality/product quality 
fat androstenone level at 160 days of age,fat androstenone level at 120 days of age,4,41.8,79.3 
598,600    41.8    79.3    724.8    1574.6    1,1 product quality/product quality 
fat androstenone level at 160 days of age,fat androstenone level at 140 days of age,4,41.8,79.3 
599,600    41.8    79.3    724.8    1574.6    1,1 product quality/product quality 
carcass length,backfat (40 kg live weight),4,41.8,79.3 
200,10    51.2    71.2    238.2    963.5    1,1 product quality/product quality 
 
 
average daily gain weaning to 25 kg,backfat (40 kg live weight),4,41.8,79.3 
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443,200    41.8    79.3    724.8    1574.6    1,1 development/product quality 
average daily gain weaning to 25 kg,backfat (60 kg live weight),4,41.8,79.3 
443,201    41.8    79.3    724.8    1574.6    1,1 development/product quality 
average daily gain weaning to 25 kg,Percentage of backfat and leaf fat in carcass,4,47.8,79.3 
443,459    47.8    79.3    1088.8    1704.5    1,1 development/product quality 
average daily gain weaning to 25 kg,subcutaneous fat depth,4,55.9,79.3 
443,632    55.9    79.3    1450.9    1835.0    1,1 development/product quality 
average daily gain weaning to 25 kg,carcass length,4,55.9,79.3 
443,637    55.9    79.3    1450.9    1835.0    1,1 development/product quality 
443,10    51.2    71.2    238.2    963.5    1,1  development/product quality 
average daily gain weaning to 25 kg,fat androstenone level at 120 days of age,4,41.8,79.3 
443,598    41.8    79.3    724.8    1574.6    1,1 development/product quality 
average daily gain weaning to 25 kg,fat androstenone level at 140 days of age,4,41.8,79.3 
443,599    41.8    79.3    724.8    1574.6    1,1 development/product quality 
average daily gain weaning to 25 kg,fat androstenone level at 160 days of age,4,41.8,79.3 
443,600    41.8    79.3    724.8    1574.6    1,1 development/product quality 
average daily gain birth to end of test,backfat (40 kg live weight),4,41.8,79.3 
370,200    41.8    79.3    724.8    1574.6    1,1 development/product quality 
average daily gain birth to end of test,backfat (60 kg live weight),4,41.8,79.3 
370,201    41.8    79.3    724.8    1574.6    1,1 development/product quality 
average daily gain birth to end of test,Percentage of backfat and leaf fat in carcass,4,47.8,79.3 
370,459    47.8    79.3    1088.8    1704.5    1,1 development/product quality 
average daily gain birth to end of test,subcutaneous fat depth,4,55.9,79.3 
370,632    55.9    79.3    1450.9    1835.0    1,1 development/product quality 
average daily gain birth to end of test,intensity taste,4,27.1,55.9 
442,161    27.1    55.9    446.6    814.5    1,1  development/product quality 
average daily gain birth to end of test,carcass length,4,79.3,105.8 
370,637    55.9    79.3    1450.9    1835.0    1,1 development/product quality 
370,958    72.0    76.2    1164.1    1297.0    1,1 development/product quality 
Average Daily Gain on test,backfat (40 kg live weight),4,41.8,74.4 
444,200    41.8    74.4    724.8    1480.2    1,1 development/product quality 
Average Daily Gain on test,backfat (60 kg live weight),4,41.8,74.4 
444,201    41.8    74.4    724.8    1480.2    1,1 development/product quality 
Average Daily Gain on test,Percentage of backfat and leaf fat in carcass,4,47.8,74.4 
444,459    47.8    74.4    1088.8    1602.0    1,1 development/product quality 
Average Daily Gain on test,subcutaneous fat depth,4,55.9,74.4 
444,632    55.9    74.4    1450.9    1731.5    1,1 development/product quality 
Average Daily Gain on test,carcass length,4,80.5,107.9 
49,460    80.5    107.9    1671.9    2208.3    1,1 development/product quality 
444,637    55.9    74.4    1450.9    1731.5    1,1 development/product quality 
444,10    51.2    71.2    238.2    963.5    1,1  development/product quality 
Average Daily Gain on test,fat androstenone level at 120 days of age,4,41.8,74.4 
444,598    41.8    74.4    724.8    1480.2    1,1 development/product quality 
Average Daily Gain on test,fat androstenone level at 140 days of age,4,41.8,74.4 
444,599    41.8    74.4    724.8    1480.2    1,1 development/product quality 
Average Daily Gain on test,fat androstenone level at 160 days of age,4,41.8,74.4 
444,600    41.8    74.4    724.8    1480.2    1,1 development/product quality 
Average Daily Gain on test,heptadecanoic acid percentage,4,80.5,105.8 
49,158    80.5    105.8    1671.9    2167.2    1,1 development/product quality 
average daily gain (3-10 weeks),backfat (40 kg live weight),4,57.0,79.3 
179,200    57.0    79.3    1469.0    1835.0    1,1 development/product quality 
average daily gain (3-10 weeks),backfat (60 kg live weight),4,57.0,79.3 
179,201    57.0    79.3    1469.0    1835.0    1,1 development/product quality 
average daily gain (3-10 weeks),subcutaneous fat depth,4,57.0,79.3 
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179,632    57.0    79.3    1469.0    1835.0    1,1 development/product quality 
average daily gain (3-10 weeks),carcass length,4,79.3,98.0 
179,637    57.0    79.3    1469.0    1835.0    1,1 development/product quality 
179,10    57.0    71.2    1467.8    1686.2    1,1 development/product quality 
average daily gain (3-10 weeks),fat androstenone level at 120 days of age,4,57.0,79.3 
179,598    57.0    79.3    1469.0    1835.0    1,1 development/product quality 
average daily gain (3-10 weeks),fat androstenone level at 140 days of age,4,57.0,79.3 
179,599    57.0    79.3    1469.0    1835.0    1,1 development/product quality 
average daily gain (3-10 weeks),fat androstenone level at 160 days of age,4,57.0,79.3 
179,600    57.0    79.3    1469.0    1835.0    1,1 development/product quality 
average daily gain (3-10 weeks),average daily gain weaning to 25 kg,4,57.0,79.3 
179,443    57.0    79.3    1469.0    1835.0    1,1 development/product quality 
average daily gain (10-22 weeks),backfat (40 kg live weight),4,58.0,79.3 
180,200    58.0    79.3    1485.4    1835.0    1,1 development/product quality 
average daily gain (10-22 weeks),subcutaneous fat depth,4,58.0,79.3 
180,632    58.0    79.3    1485.4    1835.0    1,1 development/product quality 
average daily gain (10-22 weeks),carcass length,4,79.3,86.0 
180,637    58.0    79.3    1485.4    1835.0    1,1 development/product quality 
180,10    58.0    71.2    1483.2    1686.2    1,1 development/product quality 
average daily gain (10-22 weeks),fat androstenone level at 120 days of age,4,58.0,79.3 
180,598    58.0    79.3    1485.4    1835.0    1,1 development/product quality 
average daily gain (10-22 weeks),fat androstenone level at 140 days of age,4,58.0,79.3 
180,599    58.0    79.3    1485.4    1835.0    1,1 development/product quality 
average daily gain (10-22 weeks),fat androstenone level at 160 days of age,4,58.0,79.3 
180,600    58.0    79.3    1485.4    1835.0    1,1 development/product quality 
body weight at 3 weeks of age,backfat (40 kg live weight),4,54.0,79.3 
200,175    54.0    79.3    341.4    1163.9    1,1 development/product quality 
body weight at 3 weeks of age,backfat (60 kg live weight),4,54.0,79.3 
201,175    54.0    79.3    341.4    1163.9    1,1 development/product quality 
body weight at 13 weeks of age,backfat (40 kg live weight),4,57.0,79.0 
200,176    57.0    79.0    1469.0    1830.1    1,1 development/product quality 
body weight at 13 weeks of age,backfat (60 kg live weight),4,57.0,79.0 
201,176    57.0    79.0    1469.0    1830.1    1,1 development/product quality 
body weight at 13 weeks of age,subcutaneous fat depth,4,57.0,79.0 
176,632    57.0    79.0    1469.0    1830.1    1,1 development/product quality 
body weight at 13 weeks of age,carcass length,4,57.0,79.0 
176,10    57.0    71.2    1467.8    1686.2    1,1 development/product quality 
body weight at 13 weeks of age,fat androstenone level at 120 days of age,4,57.0,79.0 
176,598    57.0    79.0    1469.0    1830.1    1,1 development/product quality 
body weight at 13 weeks of age,fat androstenone level at 140 days of age,4,57.0,79.0 
176,599    57.0    79.0    1469.0    1830.1    1,1 development/product quality 
body weight at 13 weeks of age,fat androstenone level at 160 days of age,4,57.0,79.0 
176,600    57.0    79.0    1469.0    1830.1    1,1 development/product quality 
body weight at 17 weeks of age,backfat (40 kg live weight),4,61.0,79.3 
200,177    61.0    79.3    1534.6    1835.0    1,1 development/product quality 
body weight at 17 weeks of age,backfat (60 kg live weight),4,61.0,79.3 
201,177    61.0    79.3    1534.6    1835.0    1,1 development/product quality 
body weight at 17 weeks of age,subcutaneous fat depth,4,61.0,79.3 
177,632    61.0    79.3    1534.6    1835.0    1,1 development/product quality 
body weight at 17 weeks of age,carcass length,4,79.3,83.0 
177,637    61.0    79.3    1534.6    1835.0    1,1 development/product quality 
177,10    61.0    71.2    1529.3    1686.2    1,1 development/product quality 
body weight at 17 weeks of age,fat androstenone level at 120 days of age,4,61.0,79.3 
177,598    61.0    79.3    1534.6    1835.0    1,1 development/product quality 
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body weight at 17 weeks of age,fat androstenone level at 140 days of age,4,61.0,79.3 
177,599    61.0    79.3    1534.6    1835.0    1,1 development/product quality 
body weight at 17 weeks of age,fat androstenone level at 160 days of age,4,61.0,79.3 
177,600    61.0    79.3    1534.6    1835.0    1,1 development/product quality 
body weight at 22 weeks of age,subcutaneous fat depth,4,59.0,79.3 
178,632    59.0    79.3    1501.8    1835.0    1,1 development/product quality 
body weight at 22 weeks of age,backfat (40 kg live weight),4,59.0,79.3 
200,178    59.0    79.3    1501.8    1835.0    1,1 development/product quality 
body weight at 22 weeks of age,backfat (60 kg live weight),4,59.0,79.3 
201,178    59.0    79.3    1501.8    1835.0    1,1 development/product quality 
body weight at 22 weeks of age,carcass length,4,79.3,84.0 
178,10    59.0    71.2    1498.6    1686.2    1,1 development/product quality 
body weight at 22 weeks of age,fat androstenone level at 120 days of age,4,59.0,79.3 
178,598    59.0    79.3    1501.8    1835.0    1,1 development/product quality 
body weight at 22 weeks of age,fat androstenone level at 140 days of age,4,59.0,79.3 
178,599    59.0    79.3    1501.8    1835.0    1,1 development/product quality 
body weight at 22 weeks of age,fat androstenone level at 160 days of age,4,59.0,79.3 
178,600    59.0    79.3    1501.8    1835.0    1,1 development/product quality 
average daily gain birth to end of test,fat androstenone level at 120 days of age,4,41.8,79.3 
370,598    41.8    79.3    724.8    1574.6    1,1 development/product quality 
average daily gain birth to end of test,fat androstenone level at 160 days of age,4,41.8,79.3 
370,600    41.8    79.3    724.8    1574.6    1,1 development/product quality 
body weight at 13 weeks of age,carcass length,4,57.0,79.0 
176,637    57.0    79.0    1469.0    1830.1    1,1 development/product quality 
body weight at 22 weeks of age,carcass length,4,79.3,84.0 
178,637    59.0    79.3    1501.8    1835.0    1,1 development/product quality 
 
 
average daily gain birth to end of test,average daily gain weaning to 25 kg,4,27.1,79.3 
370,443    27.1    79.3    446.6    1599.0    1,1 development/development 
Average Daily Gain on test,average daily gain weaning to 25 kg,4,41.8,74.4 
444,443    41.8    74.4    724.8    1480.2    1,1 development/development  
Average Daily Gain on test,average daily gain birth to end of test,4,80.5,105.8 
370,444    41.8    74.4    724.8    1480.2    1,1 development/development 
average daily gain (3-10 weeks),average daily gain birth to end of test,4,57.0,98.0 
179,370    57.0    98.0    1468.3    2117.7    1,1 development/development  
average daily gain (3-10 weeks),Average Daily Gain on test,4,57.0,74.4 
179,444    57.0    74.4    1467.6    1731.5    1,1 development/development 
average daily gain (10-22 weeks),average daily gain weaning to 25 kg,4,58.0,79.3 
180,443    58.0    79.3    1485.4    1835.0    1,1 development/development 
average daily gain (10-22 weeks),average daily gain birth to end of test,4,58.0,86.0 
180,370    58.0    86.0    1484.2    1927.6    1,1 development/development 
average daily gain (10-22 weeks),Average Daily Gain on test,4,80.5,86.0 
180,444    58.0    74.4    1482.7    1731.5    1,1 development/development 
average daily gain (10-22 weeks),average daily gain (3-10 weeks),4,58.0,86.0 
180,179    58.0    86.0    1484.2    1927.6    1,1 development/development 
443,175    54.0    79.3    341.4    1163.9    1,1 development/development  
body weight at 3 weeks of age,average daily gain birth to end of test,4,54.0,99.0 
370,175    54.0    99.0    340.6    1732.2    1,1 development/development 
body weight at 3 weeks of age,Average Daily Gain on test,4,80.5,99.0 
444,175    54.0    74.4    343.1    1077.4    1,1 development/development 
body weight at 3 weeks of age,average daily gain (3-10 weeks),4,57.0,98.0 
179,175    57.0    98.0    1468.3    2117.7    1,1 development/development 
body weight at 3 weeks of age,average daily gain (10-22 weeks),4,58.0,86.0 
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180,175    58.0    86.0    1484.2    1927.6    1,1 development/development  
body weight at 13 weeks of age,average daily gain weaning to 25 kg,4,57.0,79.0 
443,176    57.0    79.0    1469.0    1830.1    1,1 development/development 
body weight at 13 weeks of age,average daily gain birth to end of test,4,57.0,79.0 
370,176    57.0    79.0    1469.0    1830.1    1,1 development/development 
body weight at 13 weeks of age,Average Daily Gain on test,4,57.0,74.4 
444,176    57.0    74.4    1467.6    1731.5    1,1 development/development 
body weight at 13 weeks of age,average daily gain (3-10 weeks),4,57.0,79.0 
179,176    57.0    79.0    1469.0    1830.1    1,1 development/development 
body weight at 13 weeks of age,average daily gain (10-22 weeks),4,58.0,79.0 
180,176    58.0    79.0    1485.4    1830.1    1,1 development/development 
body weight at 13 weeks of age,body weight at 3 weeks of age,4,57.0,79.0 
176,175    57.0    79.0    1469.0    1830.1    1,1 development/development 
body weight at 17 weeks of age,average daily gain weaning to 25 kg,4,61.0,79.3 
443,177    61.0    79.3    1534.6    1835.0    1,1 development/development 
body weight at 17 weeks of age,average daily gain birth to end of test,4,61.0,83.0 
370,177    61.0    83.0    1531.7    1880.1    1,1 development/development 
body weight at 17 weeks of age,Average Daily Gain on test,4,80.5,83.0 
444,177    61.0    74.4    1528.2    1731.5    1,1 development/development 
body weight at 17 weeks of age,Average Daily Gain on test,4,61.0,74.4 
444,177    61.0    74.4    1528.2    1731.5    1,1 development/development 
body weight at 17 weeks of age,average daily gain (3-10 weeks),4,61.0,83.0 
179,177    61.0    83.0    1531.7    1880.1    1,1 development/development 
body weight at 17 weeks of age,average daily gain (10-22 weeks),4,61.0,83.0 
180,177    61.0    83.0    1531.7    1880.1    1,1 development/development 
body weight at 17 weeks of age,body weight at 3 weeks of age,4,61.0,83.0 
177,175    61.0    83.0    1531.7    1880.1    1,1 development/development 
body weight at 17 weeks of age,body weight at 13 weeks of age,4,61.0,79.0 
176,177    61.0    79.0    1534.6    1830.1    1,1 development/development body weight at 22 weeks 
of age,average daily gain weaning to 25 kg,4,59.0,79.3 
443,178    59.0    79.3    1501.8    1835.0    1,1 development/development 
body weight at 22 weeks of age,average daily gain birth to end of test,4,59.0,84.  
370,178    59.0    84.0    1500.0    1895.9    1,1 development/development 
body weight at 22 weeks of age,Average Daily Gain on test,4,80.5,84.0 
444,178    59.0    74.4    1497.9    1731.5    1,1 development/development 
body weight at 22 weeks of age,average daily gain (3-10 weeks),4,59.0,84.0 
179,178    59.0    84.0    1500.0    1895.9    1,1 development/development 
body weight at 22 weeks of age,average daily gain (10-22 weeks),4,59.0,84.0  
180,178    59.0    84.0    1500.0    1895.9    1,1 development/development 
body weight at 22 weeks of age,body weight at 3 weeks of age,4,59.0,84.0 
178,175    59.0    84.0    1500.0    1895.9    1,1 development/development 
body weight at 22 weeks of age,body weight at 13 weeks of age,4,59.0,79.0 
176,178    59.0    79.0    1501.8    1830.1    1,1 development/development 
body weight at 22 weeks of age,body weight at 17 weeks of age,4,61.0,83.0 
177,178    61.0    83.0    1531.7    1880.1    1,1 development/development 
body weight at 3 weeks of age,average daily gain weaning to 25 kg,4,54.0,79.3 
443,175    54.0    79.3    341.4    1163.9    1,1 development/development 
 
 
 
feed conversion ratio,subcutaneous fat depth,4,72.0,76.2 
963,632    72.0    76.2    1164.1    1297.0    1,1 production/product quality 
feed conversion ratio,conductivity 24 hours post mortem,4,74.4,76.2 
961,963    74.4    76.2    1322.1    1374.7    1,1 production/product quality 
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feed conversion ratio,lean percentage,4,74.4,76.2 
963,949    74.4    76.2    1322.1    1374.7    1,1 production/product quality 
 
 
feed conversion ratio,average daily gain birth to end of test,4,72.0,76.2 
370,963    72.0    76.2    1164.1    1297.0    1,1 production/development 
 
 
961,491    74.4    80.5    1322.1    1469.0    1,1 reproduction/product quality 
ovulation rate,Lean mass (weight),4,75.0,80.5 
813,491    75.0    80.5    1336.5    1469.0    1,1 reproduction/product quality 
ovulation rate,lean percentage,4,74.4,80.5 
949,491    74.4    80.5    1322.1    1469.0    1,1 reproduction/product quality 
 
conductivity 24 hours post mortem,backfat (40 kg live weight),4,74.4,79.3 
200,961    74.4    79.3    1322.1    1448.0    0,1 product quality/product quality 
conductivity 24 hours post mortem,backfat (60 kg live weight),4,74.4,79.3 
201,961    74.4    79.3    1322.1    1448.0    0,1 product quality/product quality 
intensity taste,Percentage of backfat and leaf fat in carcass,4,47.8,55.9 
161,459    47.8    55.9    1088.8    1051.9    0,1 product quality/product quality 
Lean mass (weight),backfat (40 kg live weight),4,75.0,79.3 
200,813    75.0    79.3    1337.5    1448.0    0,1 product quality/product quality 
Lean mass (weight),backfat (60 kg live weight),4,75.0,79.3 
201,813    75.0    79.3    1337.5    1448.0    0,1 product quality/product quality 
Lean mass (weight),Percentage of backfat and leaf fat in carcass,4,75.0,79.3 
813,459    75.0    79.3    1337.5    1448.0    1,0 product quality/product quality 
Lean mass (weight),subcutaneous fat depth,4,75.0,79.3 
813,632    75.0    79.3    1337.5    1448.0    1,0 product quality/product quality 
carcass length,backfat (40 kg live weight),4,41.8,79.3 
200,958    72.0    76.2    1164.1    1297.0    0,1 product quality/product quality 
carcass length,backfat (60 kg live weight),4,41.8,79.3 
201,958    72.0    76.2    1164.1    1297.0    0,1 product quality/product quality 
lean percentage,backfat (40 kg live weight),4,74.4,79.3 
200,949    74.4    79.3    1322.1    1448.0    0,1 product quality/product quality 
lean percentage,backfat (60 kg live weight),4,74.4,79.3 
201,949    74.4    79.3    1322.1    1448.0    0,1 product quality/product quality 
lean percentage,Percentage of backfat and leaf fat in carcass,4,74.4,79.3 
949,459    74.4    79.3    1322.1    1448.0    1,0 product quality/product quality 
lean percentage,subcutaneous fat depth,4,74.4,79.3 
949,632    74.4    79.3    1322.1    1448.0    1,0 product quality/product quality 
fat androstenone level at 120 days of age,conductivity 24 hours post mortem,4,74.4,79.3 
961,598    74.4    79.3    1322.1    1448.0    1,0 product quality/product quality 
fat androstenone level at 120 days of age,Lean mass (weight),4,75.0,79.3 
598,813    75.0    79.3    1337.5    1448.0    0,1 product quality/product quality  
fat androstenone level at 120 days of age,lean percentage,4,74.4,79.3 
598,949    74.4    79.3    1322.1    1448.0    0,1 product quality/product quality 
fat androstenone level at 140 days of age,backfat (40 kg live weight),4,41.8,79.3 
961,599    74.4    79.3    1322.1    1448.0    1,0 product quality/product quality 
fat androstenone level at 140 days of age,Lean mass (weight),4,75.0,79.3 
599,813    75.0    79.3    1337.5    1448.0    0,1 product quality/product quality 
fat androstenone level at 140 days of age,lean percentage,4,74.4,79.3 
599,949    74.4    79.3    1322.1    1448.0    0,1 product quality/product quality 
fat androstenone level at 160 days of age,conductivity 24 hours post mortem,4,74.4,79.3 
961,600    74.4    79.3    1322.1    1448.0    1,0 product quality/product quality 
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fat androstenone level at 160 days of age,Lean mass (weight),4,75.0,79.3 
600,813    75.0    79.3    1337.5    1448.0    0,1 product quality/product quality 
fat androstenone level at 160 days of age,lean percentage,4,74.4,79.3 
600,949    74.4    79.3    1322.1    1448.0    0,1 product quality/product quality 
heptadecanoic acid percentage,conductivity 24 hours post mortem,4,74.4,81.0 
961,158    74.4    81.0    1322.1    1481.0    1,0 product quality/product quality 
heptadecanoic acid percentage,Lean mass (weight),4,75.0,85.0 
158,813    75.0    85.0    1336.5    1577.3    0,1 product quality/product quality 
heptadecanoic acid percentage,lean percentage,4,74.4,81.0 
158,949    74.4    81.0    1322.1    1481.0    0,1 product quality/product quality 
conductivity 24 hours post mortem,Percentage of backfat and leaf fat in carcass,4,74.4,79.3 
961,459    74.4    79.3    1322.1    1448.0    1,0 product quality/product quality 
conductivity 24 hours post mortem,subcutaneous fat depth,4,74.4,79.3 
961,632    74.4    79.3    1322.1    1448.0    1,0 product quality/product quality 
 
 
 
average daily gain weaning to 25 kg,carcass length,4,55.9,79.3 
443,958    72.0    76.2    1164.1    1297.0    0,1 development/product quality 
average daily gain weaning to 25 kg,conductivity 24 hours post mortem,4,74.4,79.3 
443,961    74.4    79.3    1322.1    1448.0    0,1 development/product quality 
average daily gain weaning to 25 kg,intensity taste,4,27.1,55.9 
443,161    27.1    55.9    446.6    814.5        0,1 development/product quality 
average daily gain weaning to 25 kg,Lean mass (weight),4,75.0,79.3 
443,813    75.0    79.3    1337.5    1448.0    0,1 development/product quality 
average daily gain weaning to 25 kg,lean percentage,4,74.4,79.3 
443,949    74.4    79.3    1322.1    1448.0    0,1 development/product quality 
average daily gain birth to end of test,backfat (40 kg live weight),4,41.8,79.3 
442,200    41.8    66.1    724.8    1259.8      1,0 development/product quality 
average daily gain birth to end of test,backfat (60 kg live weight),4,41.8,79.3 
442,201    41.8    66.1    724.8    1259.8    1,0 development/product quality 
average daily gain birth to end of test,Percentage of backfat and leaf fat in carcass,4,47.8,79.3 
442,459    47.8    66.1    1088.8    1414.5    0,1 development/product quality 
average daily gain birth to end of test,conductivity 24 hours post mortem,4,74.4,81.0 
370,961    74.4    81.0    1322.1    1481.0    0,1 development/product quality 
average daily gain birth to end of test,intensity taste,4,27.1,55.9 
370,161    27.1    55.9    446.6    814.5    0,1 development/product quality 
average daily gain birth to end of test,Lean mass (weight),4,75.0,85.0 
370,813    75.0    85.0    1336.5    1577.3    0,1 development/product quality 
average daily gain birth to end of test,carcass length,4,79.3,105.8 
370,460    79.3    105.8    1507.5    2106.9    0,1 development/product quality 
370,10    51.2    71.2    238.2    963.5    0,1 development/product quality 
442,10    51.2    66.1    236.4    765.2    0,1 development/product quality 
average daily gain birth to end of test,lean percentage,4,74.4,81.0 
370,949    74.4    81.0    1322.1    1481.0    0,1 development/product quality 
average daily gain birth to end of test,fat androstenone level at 120 days of age,4,41.8,79.3 
442,598    41.8    66.1    724.8    1259.8    1,0 development/product quality 
average daily gain birth to end of test,fat androstenone level at 160 days of age,4,41.8,79.3 
442,600    41.8    66.1    724.8    1259.8    1,0 development/product quality 
average daily gain birth to end of test,heptadecanoic acid percentage,4,74.4,105.8 
370,158    74.4    105.8    1322.1    2078.1    0,1 development/product quality 
Average Daily Gain on test,carcass length,4,80.5,107.9 
444,958    72.0    74.4    1164.1    1238.2    0,1 development/product quality 
average daily gain (3-10 weeks),Percentage of backfat and leaf fat in carcass,4,57.0,79.3 
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179,459    57.0    79.3    1469.0    1835.0    1,0 development/product quality 
average daily gain (3-10 weeks),conductivity 24 hours post mortem,4,74.4,81.0 
179,961    74.4    81.0    1322.1    1481.0    0,1 development/product quality 
average daily gain (3-10 weeks),Lean mass (weight),4,75.0,85.0 
179,813    75.0    85.0    1336.5    1577.3    0,1 development/product quality 
average daily gain (3-10 weeks),carcass length,4,79.3,98.0 
179,958    72.0    76.2    1164.1    1297.0    0,1 development/product quality 
average daily gain (3-10 weeks),lean percentage,4,74.4,81.0 
179,949    74.4    81.0    1322.1    1481.0    0,1 development/product quality 
average daily gain (3-10 weeks),heptadecanoic acid percentage,4,74.4,98.0 
179,158    74.4    98.0    1322.1    1890.3    0,1 development/product quality 
average daily gain (10-22 weeks),Percentage of backfat and leaf fat in carcass,4,58.0,79.3 
180,459    58.0    79.3    1485.4    1835.0    1,0 development/product quality 
average daily gain (10-22 weeks),conductivity 24 hours post mortem,4,74.4,81.0 
180,961    74.4    81.0    1322.1    1481.0    0,1 development/product quality 
average daily gain (10-22 weeks),Lean mass (weight),4,75.0,85.0 
180,813    75.0    85.0    1336.5    1577.3    0,1 development/product quality 
average daily gain (10-22 weeks),carcass length,4,79.3,86.0 
180,958    72.0    76.2    1164.1    1297.0    0,1 development/product quality 
average daily gain (10-22 weeks),lean percentage,4,74.4,81.0 
180,949    74.4    81.0    1322.1    1481.0    0,1 development/product quality 
body weight at 13 weeks of age,Percentage of backfat and leaf fat in carcass,4,57.0,79.0 
176,459    57.0    79.0    1469.0    1830.1    1,0 development/product quality 
body weight at 13 weeks of age,conductivity 24 hours post mortem,4,74.4,79.0 
176,961    74.4    79.0    1322.1    1440.3    0,1 development/product quality 
body weight at 13 weeks of age,Lean mass (weight),4,75.0,79.0 
176,813    75.0    79.0    1337.5    1440.3    0,1 development/product quality 
body weight at 13 weeks of age,carcass length,4,57.0,79.0 
176,958    72.0    76.2    1164.1    1297.0    0,1 development/product quality 
body weight at 13 weeks of age,lean percentage,4,74.4,79.0 
176,949    74.4    79.0    1322.1    1440.3    0,1 development/product quality 
body weight at 17 weeks of age,Percentage of backfat and leaf fat in carcass,4,61.0,79.3 
177,459    61.0    79.3    1534.6    1835.0    1,0 development/product quality 
body weight at 17 weeks of age,conductivity 24 hours post mortem,4,74.4,81.0 
177,961    74.4    81.0    1322.1    1481.0    0,1 development/product quality 
body weight at 17 weeks of age,Lean mass (weight),4,75.0,83.0 
177,813    75.0    83.0    1336.5    1529.2    0,1 development/product quality 
body weight at 17 weeks of age,carcass length,4,79.3,83.0 
177,958    72.0    76.2    1164.1    1297.0    0,1 development/product quality 
body weight at 17 weeks of age,lean percentage,4,74.4,81.0 
177,949    74.4    81.0    1322.1    1481.0    0,1 development/product quality 
body weight at 22 weeks of age,Percentage of backfat and leaf fat in carcass,4,59.0,79.3 
178,459    59.0    79.3    1501.8    1835.0    1,0 development/product quality 
body weight at 22 weeks of age,conductivity 24 hours post mortem,4,74.4,81.0 
178,961    74.4    81.0    1322.1    1481.0    0,1 development/product quality 
body weight at 22 weeks of age,Lean mass (weight),4,75.0,84.0 
178,813    75.0    84.0    1336.5    1553.2    0,1 development/product quality 
body weight at 22 weeks of age,carcass length,4,79.3,84.0 
178,958    72.0    76.2    1164.1    1297.0    0,1 development/product quality 
body weight at 22 weeks of age,lean percentage,4,74.4,81.0 
178,949    74.4    81.0    1322.1    1481.0    0,1 development/product quality 
 
 
average daily gain birth to end of test,average daily gain weaning to 25 kg,4,27.1,79.3  
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442,443    27.1    66.1    446.6    1281.8    1,0 development/development 
Average Daily Gain on test,average daily gain birth to end of test,4,80.5,105.8 
370,49    80.5    105.8    1671.9    2167.2    0,1 development/development 
442,444    41.8    66.1    724.8    1259.8    1,0 development/development 
 
 
feed conversion ratio,backfat (40 kg live weight),4,72.0,76.2 
200,963    72.0    76.2    1164.1    1297.0    0,1 production/product quality 
feed conversion ratio,backfat (60 kg live weight),4,72.0,76.2 
201,963    72.0    76.2    1164.1    1297.0    0,1 production/product quality 
feed conversion ratio,Percentage of backfat and leaf fat in carcass,4,72.0,76.2 
963,459    72.0    76.2    1164.1    1297.0    1,0 production/product quality 
feed conversion ratio,Lean mass (weight),4,75.0,76.2 
963,813    75.0    76.2    1339.6    1374.7    0,1 production/product quality 
feed conversion ratio,fat androstenone level at 120 days of age,4,72.0,76.2 
598,963    72.0    76.2    1164.1    1297.0    0,1 production/product quality 
feed conversion ratio,fat androstenone level at 140 days of age,4,72.0,76.2 
599,963    72.0    76.2    1164.1    1297.0    0,1 production/product quality 
feed conversion ratio,fat androstenone level at 160 days of age,4,72.0,76.2 
600,963    72.0    76.2    1164.1    1297.0    0,1 production/product quality 
feed conversion ratio,heptadecanoic acid percentage,4,74.4,76.2 
963,158    74.4    76.2    1322.1    1374.7    1,0 production/product quality 
feed conversion ratio,average daily gain weaning to 25 kg,4,72.0,76.2 
443,963    72.0    76.2    1164.1    1297.0    0,1 production/product quality 
feed conversion ratio,Average Daily Gain on test,4,72.0,74.4 
 
 
body weight at 22 weeks of age,Average Daily Gain on test,4,80.5,84.0 
444,963    72.0    74.4    1164.1    1238.2    0,1 production/development 
feed conversion ratio,average daily gain (3-10 weeks),4,72.0,76.2 
179,963    72.0    76.2    1164.1    1297.0    0,1 production/development 
feed conversion ratio,average daily gain (10-22 weeks),4,72.0,76.2 
180,963    72.0    76.2    1164.1    1297.0    0,1 production/development 
feed conversion ratio,body weight at 13 weeks of age,4,72.0,76.2 
176,963    72.0    76.2    1164.1    1297.0    0,1 production/development 
feed conversion ratio,body weight at 17 weeks of age,4,72.0,76.2 
177,963    72.0    76.2    1164.1    1297.0    0,1 production/development 
feed conversion ratio,body weight at 22 weeks of age,4,72.0,76.2  
178,963    72.0    76.2    1164.1    1297.0    0,1 production/development 
 
 
ovulation rate,backfat (40 kg live weight),4,74.4,79.3 
200,491    74.4    79.3    1322.1    1448.0    0,1 reproduction/product quality 
ovulation rate,backfat (60 kg live weight),4,74.4,79.3 
201,491    74.4    79.3    1322.1    1448.0    0,1 reproduction/product quality 
ovulation rate,Percentage of backfat and leaf fat in carcass,4,74.4,79.3 
491,459    74.4    79.3    1322.1    1448.0    1,0 reproduction/product quality 
ovulation rate,subcutaneous fat depth,4,74.4,79.3 
491,632    74.4    79.3    1322.1    1448.0    1,0 reproduction/product quality 
ovulation rate,fat androstenone level at 120 days of age,4,74.4,79.3 
598,491    74.4    79.3    1322.1    1448.0    0,1 reproduction/product quality 
ovulation rate,fat androstenone level at 140 days of age,4,74.4,79.3 
599,491    74.4    79.3    1322.1    1448.0    0,1 reproduction/product quality 
ovulation rate,fat androstenone level at 160 days of age,4,74.4,79.3 
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600,491    74.4    79.3    1322.1    1448.0    0,1 reproduction/product quality 
ovulation rate,heptadecanoic acid percentage,4,74.4,80.5 
158,491    74.4    80.5    1322.1    1469.0    0,1 reproduction/product quality 
 
 
ovulation rate,average daily gain weaning to 25 kg,4,74.4,79.3 
443,491    74.4    79.3    1322.1    1448.0    0,1 reproduction/development 
ovulation rate,average daily gain birth to end of test,4,74.4,80.5 
370,491    74.4    80.5    1322.1    1469.0    0,1 reproduction/development 
ovulation rate,average daily gain (3-10 weeks),4,74.4,80.5 
179,491    74.4    80.5    1322.1    1469.0    0,1 reproduction/development 
ovulation rate,average daily gain (10-22 weeks),4,74.4,80.5 
180,491    74.4    80.5    1322.1    1469.0    0,1 reproduction/development 
ovulation rate,body weight at 13 weeks of age,4,74.4,79.0 
176,491    74.4    79.0    1322.1    1440.3    0,1 reproduction/development 
ovulation rate,body weight at 17 weeks of age,4,74.4,80.5 
177,491    74.4    80.5    1322.1    1469.0    0,1 reproduction/development 
ovulation rate,body weight at 22 weeks of age,4,74.4,80.5 
178,491    74.4    80.5    1322.1    1469.0    0,1 reproduction/development 
 
ovulation rate,feed conversion ratio,4,74.4,76.2 
963,491    74.4    76.2    1322.1    1374.7    1,0 reproduction/production 
 
 
 
intensity taste,backfat (60 kg live weight),4,41.8,55.9 
201,161    41.8    55.9    724.8    859.1    0,0  product quality/product quality 
fat androstenone level at 120 days of age,intensity taste,4,41.8,55.9 
598,161    41.8    55.9    724.8    859.1    0,0  product quality/product quality 
fat androstenone level at 140 days of age,intensity taste,4,41.8,55.9 
599,161    41.8    55.9    724.8    859.1    0,0 product quality/product quality 
fat androstenone level at 160 days of age,intensity taste,4,41.8,55.9 
600,161    41.8    55.9    724.8    859.1    0,0 product quality/product quality 
heptadecanoic acid percentage,backfat (40 kg live weight),4,74.4,79.3 
200,158    74.4    79.3    1322.1    1448.0    0,0 product quality/product quality 
heptadecanoic acid percentage,backfat (60 kg live weight),4,74.4,79.3 
201,158    74.4    79.3    1322.1    1448.0    0,0 product quality/product quality 
heptadecanoic acid percentage,Percentage of backfat and leaf fat in carcass,4,74.4,79.3 
158,459    74.4    79.3    1322.1    1448.0    0,0 product quality/product quality 
heptadecanoic acid percentage,subcutaneous fat depth,4,74.4,79.3 
158,632    74.4    79.3    1322.1    1448.0    0,0 product quality/product quality 
heptadecanoic acid percentage,fat androstenone level at 120 days of age,4,74.4,79.3 
598,158    74.4    79.3    1322.1    1448.0    0,0 product quality/product quality 
heptadecanoic acid percentage,fat androstenone level at 140 days of age,4,74.4,79.3 
599,158    74.4    79.3    1322.1    1448.0    0,0 product quality/product quality 
heptadecanoic acid percentage,fat androstenone level at 160 days of age,4,74.4,79.3 
600,158    74.4    79.3    1322.1    1448.0    0,0 product quality/product quality 
intensity taste,backfat (40 kg live weight),4,41.8,55.9 
200,161    41.8    55.9    724.8    859.1    0,0 product quality/product quality 
 
 
average daily gain weaning to 25 kg,heptadecanoic acid percentage,4,74.4,79.3 
443,158    74.4    79.3    1322.1    1448.0    0,0 development/product quality 
average daily gain birth to end of test,subcutaneous fat depth,4,55.9,79.3 
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442,632    55.9    66.1    1450.9    1585.0    0,0 development/product quality 
average daily gain birth to end of test,carcass length,4,79.3,105.8 
442,637    55.9    66.1    1450.9    1585.0    0,0 development/product quality 
Average Daily Gain on test,conductivity 24 hours post mortem,4,80.5,81.0 
49,961    80.5    81.0    1671.9    1681.7    0,0 development/product quality 
Average Daily Gain on test,intensity taste,4,41.8,55.9 
444,161    41.8    55.9    724.8    859.1    0,0  development/product quality 
Average Daily Gain on test,Lean mass (weight),4,80.5,85.0 
49,813    80.5    85.0    1671.9    1760.0    0,0 development/product quality 
Average Daily Gain on test,lean percentage,4,80.5,81.0 
49,949    80.5    81.0    1671.9    1681.7    0,0 development/product quality 
average daily gain (3-10 weeks),carcass length,4,79.3,98.0 
179,460    79.3    98.0    1507.5    1930.5    0,0 development/product quality 
body weight at 13 weeks of age,heptadecanoic acid percentage,4,74.4,79.0 
176,158    74.4    79.0    1322.1    1440.3    0,0 development/product quality 
body weight at 17 weeks of age,carcass length,4,79.3,83.0 
177,460    79.3    83.0    1507.5    1591.2    0,0 development/product quality 
body weight at 17 weeks of age,heptadecanoic acid percentage,4,74.4,83.0 
177,158    74.4    83.0    1322.1    1529.2    0,0 development/product quality 
body weight at 22 weeks of age,carcass length,4,79.3,84.0 
178,460    79.3    84.0    1507.5    1613.8    0,0 development/product quality 
body weight at 22 weeks of age,heptadecanoic acid percentage,4,74.4,84.0 
178,158    74.4    84.0    1322.1    1553.2    0,0 development/product quality 
180,460    79.3    86.0    1507.5    1659.1    0,0 development/product quality 
average daily gain (10-22 weeks),heptadecanoic acid percentage,4,74.4,86.0 
180,158    74.4    86.0    1322.1    1601.4    0,0 development/product quality 
 
average daily gain (3-10 weeks),average daily gain birth to end of test,4,57.0,98.0  
179,442    57.0    66.1    1465.4    1585.0    0,0 development/development 
average daily gain (3-10 weeks),Average Daily Gain on test,4,57.0,74.4 
179,49    80.5    98.0    1671.9    2014.5    0,0 development/development 
average daily gain (10-22 weeks),carcass length,4,79.3,86.0 
180,460    79.3    86.0    1507.5    1659.1    0,0 development/development 
average daily gain (10-22 weeks),average daily gain birth to end of test,4,58.0,86.0 
180,442    58.0    66.1    1478.5    1585.0    0,0 development/development 
average daily gain (10-22 weeks),Average Daily Gain on test,4,80.5,86.0 
180,49    80.5    86.0    1671.9    1779.6    0,0 development/development 
body weight at 3 weeks of age,average daily gain birth to end of test,4,54.0,99.0 
442,175    54.0    66.1    342.8    770.5    0,0  development/development 
body weight at 3 weeks of age,Average Daily Gain on test,4,80.5,99.0 
49,175    80.5    99.0    1671.9    2034.1    0,0 development/development  
body weight at 13 weeks of age,average daily gain birth to end of test,4,57.0,79.0 
442,176    57.0    66.1    1465.4    1585.0    0,0 development/development 
body weight at 17 weeks of age,average daily gain birth to end of test,4,61.0,83.0 
442,177    61.0    66.1    1518.0    1585.0    0,0 development/development 
body weight at 17 weeks of age,Average Daily Gain on test,4,80.5,83.0 
49,177    80.5    83.0    1671.9    1720.8    0,0 development/development 
body weight at 17 weeks of age,Average Daily Gain on test,4,61.0,74.4 
49,177    80.5    83.0    1671.9    1720.8    0,0 development/development 
body weight at 22 weeks of age,average daily gain birth to end of test,4,59.0,84.  
442,178    59.0    66.1    1491.7    1585.0    0,0 development/development 
body weight at 22 weeks of age,Average Daily Gain on test,4,80.5,84.0 
49,178    80.5    84.0    1671.9    1740.4    0,0 development/development 
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====================================================================== 
 
Chr. 5 
 
backfat (40 kg live weight),backfat (17 weeks of age),5,72.3,88.2 
202,203    72.3    88.2    359.4    636.9    1,1  product quality/product quality 
backfat (60 kg live weight),backfat (17 weeks of age),5,72.3,88.2 
202,204    72.3    88.2    359.4    636.9    1,1  product quality/product quality 
backfat (60 kg live weight),backfat (40 kg live weight),5,72.3,88.2 
203,204    72.3    88.2    359.4    636.9    1,1  product quality/product quality 
 
======================================================================== 
 
Chr. 6 
 
backfat (17 weeks of age),backfat (13 weeks of age),6,62.8,80.2 
205,206    62.8    80.2    1079.8    1461.8    1,1 product quality/product quality 
Shoulder meat weight,backfat (13 weeks of age),6,75.3,78.4 
205,1008    75.3    78.4    222.0    363.7    1,1 product quality/product quality  
Shoulder meat weight,backfat (17 weeks of age),6,75.3,78.4 
206,1008    75.3    78.4    222.0    363.7    1,1 product quality/product quality 
 
 
 
body weight at 13 weeks of age,body weight at 3 weeks of age,6,124.0,154.0 
182,181    124.0    154.0    2749.0    3228.5    1,1 development/development 
body weight at 22 weeks of age,body weight at 17 weeks of age,6,72.3,125.0 
183,184    72.3    125.0    75.9    1960.2    1,1 development/development 
Loin and neck meat weight,backfat (13 weeks of age),6,75.3,78.4 
205,1003    75.3    78.4    222.0    363.7    1,1 development/development 
Loin and neck meat weight,backfat (17 weeks of age),6,75.3,78.4 
206,1003    75.3    78.4    222.0    363.7    1,1 development/development 
body weight at 17 weeks of age,average daily gain (10-22 weeks),6,72.3,115.0 
186,183    72.3    115.0    76.3    1623.5    1,1 development/development 
body weight at 22 weeks of age,average daily gain (10-22 weeks),6,72.3,115.0 
186,184    72.3    115.0    76.3    1623.5    1,1 development/development 
 
 
body weight at 17 weeks of age,smell intensity,6,72.3,102.0 
183,688    72.3    102.0    100.4    1969.9    1,1 development/product quality 
 
 
smell intensity,backfat (13 weeks of age),6,62.8,80.2 
205,688    62.8    80.2    1079.8    1461.8    1,0 product quality/product quality 
smell intensity,backfat (17 weeks of age),6,62.8,80.2 
206,688    62.8    80.2    1079.8    1461.8    1,0 product quality/product quality 
Ham weight,backfat (13 weeks of age),6,75.3,78.4 
205,998    75.3    78.4    222.0    363.7    1,0  product quality/product quality 
Ham weight,backfat (17 weeks of age),6,75.3,78.4 
206,998    75.3    78.4    222.0    363.7    1,0  product quality/product quality 
 
 
average daily gain (10-22 weeks),backfat (13 weeks of age),6,62.8,80.2 
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186,205    62.8    80.2    1079.8    1461.8    0,1 development/product quality 
average daily gain (10-22 weeks),backfat (17 weeks of age),6,62.8,80.2 
186,206    62.8    80.2    1079.8    1461.8    0,1 development/product quality 
average daily gain (10-22 weeks),smell intensity,6,62.8,102.0 
186,688    62.8    102.0    1079.8    2248.2    0,1 development/product quality 
body weight at 17 weeks of age,backfat (13 weeks of age),6,72.3,80.2 
205,183    72.3    80.2    99.5    589.2    1,0  development/product quality 
body weight at 17 weeks of age,backfat (17 weeks of age),6,72.3,80.2 
206,183    72.3    80.2    99.5    589.2    1,0  development/product quality 
body weight at 22 weeks of age,backfat (13 weeks of age),6,72.3,80.2 
205,184    72.3    80.2    99.5    589.2    1,0  development/product quality 
Loin and neck meat weight,average daily gain (10-22 weeks),6,75.3,78.4 
186,1003    75.3    78.4    222.0    363.7    0,1 product quality/development 
Loin and neck meat weight,body weight at 17 weeks of age,6,75.3,78.4 
183,1003    75.3    78.4    222.0    363.7    0,1 product quality/development 
Loin and neck meat weight,body weight at 22 weeks of age,6,75.3,78.4 
184,1003    75.3    78.4    222.0    363.7    0,1 product quality/development 
Shoulder meat weight,average daily gain (10-22 weeks),6,75.3,78.4 
186,1008    75.3    78.4    222.0    363.7    0,1 product quality/development 
Shoulder meat weight,body weight at 17 weeks of age,6,75.3,78.4 
183,1008    75.3    78.4    222.0    363.7    0,1 product quality/development 
Shoulder meat weight,body weight at 22 weeks of age,6,75.3,78.4 
184,1008    75.3    78.4    222.0    363.7    0,1 product quality/development 
body weight at 22 weeks of age,backfat (17 weeks of age),6,72.3,80.2 
206,184    72.3    80.2    99.5    589.2    1,0  development/product quality 
body weight at 22 weeks of age,smell intensity,6,72.3,102.0 
184,688    72.3    102.0    100.4    1969.9    0,1 development/product quality 
 
 
Fat-cut percentage,backfat (17 weeks of age),6,62.8,76.1 
206,997    62.8    76.1    1079.8    928.6    0,0 product quality/product quality 
Fat-cut percentage,backfat (13 weeks of age),6,62.8,76.1 
205,997    62.8    76.1    1079.8    928.6    0,0 product quality/product quality 
 
 
average daily gain (10-22 weeks),Ham weight,6,75.3,78.4 
186,998    75.3    78.4    222.0    363.7    0,0  development/product quality 
body weight at 17 weeks of age,Fat-cut percentage,6,72.3,76.1 
183,997    72.3    76.1    84.0    254.3    0,0  development/product quality 
body weight at 17 weeks of age,Ham weight,6,75.3,78.4  
183,998    75.3    78.4    222.0    363.7    0,0  development/product quality 
body weight at 22 weeks of age,Fat-cut percentage,6,72.3,76.1 
184,997    72.3    76.1    84.0    254.3    0,0  development/product quality 
body weight at 22 weeks of age,Ham weight,6,75.3,78.4 
184,998    75.3    78.4    222.0    363.7    0,0  development/product quality 
average daily gain (10-22 weeks),Fat-cut percentage,6,62.8,76.1 
186,997    62.8    76.1    1079.8    928.6    0,0 development/product quality 
 
 
 
body weight at 17 weeks of age,body weight at 3 weeks of age,6,124.0,125.0 
183,181    124.0    125.0    2749.0    2765.0    0,0 development/development 
body weight at 17 weeks of age,body weight at 13 weeks of age,6,119.0,125.0 
182,183    119.0    125.0    2669.1    2765.0    0,0 development/development 
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184,181    124.0    134.4    2749.0    2915.2    0,0 development/development 
body weight at 22 weeks of age,body weight at 13 weeks of age,6,119.0,134.4 
182,184    119.0    134.4    2669.1    2915.2    0,0 development/development 
body weight at 22 weeks of age,body weight at 3 weeks of age,6,124.0,134.4 
184,181    124.0    134.4    2749.0    2915.2    0,0 development/development 
 
========================================================================= 
 
Chr. 7 
 
backfat (17 weeks of age),backfat (13 weeks of age),7,48.2,70.1 
207,208    48.2    70.1    596.9    896.5    1,1  product quality/product quality 
backfat (22 weeks of age),backfat (13 weeks of age),7,48.2,70.1 
207,209    48.2    70.1    596.9    896.5    1,1  product quality/product quality 
backfat (22 weeks of age),backfat (17 weeks of age),7,48.2,70.1 
208,209    48.2    70.1    596.9    896.5    1,1  product quality/product quality 
backfat (40 kg live weight),backfat (13 weeks of age),7,48.2,70.1 
207,210    48.2    70.1    596.9    896.5    1,1  product quality/product quality 
backfat (40 kg live weight),backfat (17 weeks of age),7,48.2,70.1 
208,210    48.2    70.1    596.9    896.5    1,1  product quality/product quality 
backfat (40 kg live weight),backfat (22 weeks of age),7,48.2,70.1 
209,210    48.2    70.1    596.9    896.5    1,1  product quality/product quality 
backfat (60 kg live weight),backfat (13 weeks of age),7,48.2,70.1 
207,211    48.2    70.1    596.9    896.5    1,1  product quality/product quality 
backfat (60 kg live weight),backfat (17 weeks of age),7,48.2,70.1 
208,211    48.2    70.1    596.9    896.5    1,1  product quality/product quality 
backfat (60 kg live weight),backfat (22 weeks of age),7,48.2,70.1 
209,211    48.2    70.1    596.9    896.5    1,1  product quality/product quality 
backfat (60 kg live weight),backfat (40 kg live weight),7,48.2,70.1 
210,211    48.2    70.1    596.9    896.5    1,1  product quality/product quality 
leaf fat weight,backfat (13 weeks of age),7,48.2,70.1 
207,39    48.2    70.1    596.9    896.5    1,1  product quality/product quality 
leaf fat weight,backfat (17 weeks of age),7,48.2,70.1 
208,39    48.2    70.1    596.9    896.5    1,1  product quality/product quality 
leaf fat weight,backfat (22 weeks of age),7,48.2,70.1 
209,39    48.2    70.1    596.9    896.5    1,1  product quality/product quality 
leaf fat weight,backfat (40 kg live weight),7,48.2,70.1 
210,39    48.2    70.1    596.9    896.5    1,1  product quality/product quality 
leaf fat weight,backfat (60 kg live weight),7,48.2,70.1 
211,39    48.2    70.1    596.9    896.5    1,1  product quality/product quality 
hot carcass weight,backfat (13 weeks of age),7,48.2,70.1 
207,3    48.2    70.1    596.9    896.5    1,1  product quality/product quality 
hot carcass weight,backfat (17 weeks of age),7,48.2,70.1 
208,3    48.2    70.1    596.9    896.5    1,1  product quality/product quality 
hot carcass weight,backfat (22 weeks of age),7,48.2,70.1 
209,3    48.2    70.1    596.9    896.5    1,1  product quality/product quality 
hot carcass weight,backfat (40 kg live weight),7,48.2,70.1 
210,3    48.2    70.1    596.9    896.5    1,1  product quality/product quality 
hot carcass weight,backfat (60 kg live weight),7,48.2,70.1 
211,3    48.2    70.1    596.9    896.5    1,1  product quality/product quality 
hot carcass weight,leaf fat weight,7,32.9,73.4 
3,39    32.9    73.4    419.5    1232.6    1,1  product quality/product quality 
207,366    48.2    70.1    596.9    896.5    1,1  product quality/product quality 
eye muscle depth,backfat (17 weeks of age),7,48.2,70.1 
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208,366    48.2    70.1    596.9    896.5    1,1  product quality/product quality 
eye muscle depth,backfat (22 weeks of age),7,48.2,70.1 
209,366    48.2    70.1    596.9    896.5    1,1  product quality/product quality 
eye muscle depth,backfat (40 kg live weight),7,48.2,70.1 
210,366    48.2    70.1    596.9    896.5    1,1  product quality/product quality 
eye muscle depth,backfat (60 kg live weight),7,48.2,70.1 
211,366    48.2    70.1    596.9    896.5    1,1  product quality/product quality 
eye muscle depth,leaf fat weight,7,32.9,73.4 
366,39    32.9    73.4    419.5    1232.6    1,1  product quality/product quality 
eye muscle depth,hot carcass weight,7,30.2,81.5 
366,3    30.2    81.5    370.0    1860.5    1,1  product quality/product quality 
body weight at 17 weeks of age,body weight at 13 weeks of age,7,58.9,73.4 
188,189    58.9    73.4    934.0    1229.2    1,1 product quality/product quality 
 
body weight at 13 weeks of age,leaf fat weight,7,58.9,73.4 
188,39    58.9    73.4    934.0    1229.2    1,1  development/product quality 
body weight at 13 weeks of age,hot carcass weight,7,58.9,73.4 
188,3    58.9    73.4    934.0    1229.2    1,1  development/product quality 
body weight at 13 weeks of age,eye muscle depth,7,58.9,73.4 
188,366    58.9    73.4    934.0    1229.2    1,1 development/product quality 
body weight at 17 weeks of age,leaf fat weight,7,58.9,73.4 
189,39    58.9    73.4    934.0    1229.2    1,1  development/product quality 
body weight at 17 weeks of age,hot carcass weight,7,58.9,73.4 
189,3    58.9    73.4    934.0    1229.2    1,1  development/product quality 
body weight at 17 weeks of age,eye muscle depth,7,58.9,73.4 
189,366    58.9    73.4    934.0    1229.2    1,1 development/product quality 
body weight at 22 weeks of age,leaf fat weight,7,58.9,73.4 
190,39    58.9    73.4    934.0    1229.2    1,1  development/product quality 
body weight at 22 weeks of age,hot carcass weight,7,58.9,73.4 
190,3    58.9    73.4    934.0    1229.2    1,1  development/product quality 
body weight at 22 weeks of age,eye muscle depth,7,58.9,73.4 
190,366    58.9    73.4    934.0    1229.2    1,1 development/product quality 
 
 
body weight at 22 weeks of age,body weight at 13 weeks of age,7,58.9,73.4 
188,190    58.9    73.4    934.0    1229.2    1,1 development/development  
body weight at 22 weeks of age,body weight at 17 weeks of age,7,58.9,73.4 
189,190    58.9    73.4    934.0    1229.2    1,1 development/development 
 
 
CK20,backfat (13 weeks of age),7,54.1,70.1  
207,1056    54.1    70.1    677.6    896.5    1,1 exterior/product quality 
CK20,backfat (17 weeks of age),7,54.1,70.1   
208,1056    54.1    70.1    677.6    896.5    1,1 exterior/product quality 
CK20,backfat (22 weeks of age),7,54.1,70.1   
209,1056    54.1    70.1    677.6    896.5    1,1 exterior/product quality 
CK20,backfat (40 kg live weight),7,54.1,70.1   
210,1056    54.1    70.1    677.6    896.5    1,1 exterior/product quality 
CK20,backfat (60 kg live weight),7,54.1,70.1   
211,1056    54.1    70.1    677.6    896.5    1,1 exterior/product quality 
CK20,leaf fat weight,7,54.1,70.1    
1056,39    54.1    70.1    677.6    896.5    1,1 exterior/product quality 
CK20,hot carcass weight,7,54.1,70.1     
1056,3    54.1    70.1    677.6    896.5    1,1 exterior/product quality 
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CK20,eye muscle depth,7,54.1,70.1    
1056,366    54.1    70.1    677.6    896.5    1,1 exterior/product quality 
 
 
backfat weight,backfat (13 weeks of age),7,58.0,70.1 
207,1059    58.0    70.1    869.6    967.5    0,1 product quality/product quality 
backfat weight,backfat (17 weeks of age),7,58.0,70.1 
208,1059    58.0    70.1    869.6    967.5    0,1 product quality/product quality 
backfat weight,backfat (22 weeks of age),7,58.0,70.1 
209,1059    58.0    70.1    869.6    967.5    0,1 product quality/product quality 
backfat weight,backfat (40 kg live weight),7,58.0,70.1 
210,1059    58.0    70.1    869.6    967.5    0,1 product quality/product quality 
backfat weight,backfat (60 kg live weight),7,58.0,70.1 
211,1059    58.0    70.1    869.6    967.5    0,1 product quality/product quality  
 
 
body weight at 13 weeks of age,backfat (13 weeks of age),7,58.9,70.1 
207,188    58.9    70.1    934.0    997.9    0,1  development/product quality 
body weight at 13 weeks of age,backfat (17 weeks of age),7,58.9,70.1 
208,188    58.9    70.1    934.0    997.9    0,1  development/product quality 
body weight at 13 weeks of age,backfat (22 weeks of age),7,58.9,70.1 
209,188    58.9    70.1    934.0    997.9    0,1  development/product quality 
body weight at 13 weeks of age,backfat (40 kg live weight),7,58.9,70.1 
210,188    58.9    70.1    934.0    997.9    0,1  development/product quality 
body weight at 13 weeks of age,backfat (60 kg live weight),7,58.9,70.1 
211,188    58.9    70.1    934.0    997.9    0,1  development/product quality 
207,189    58.9    70.1    934.0    997.9    0,1  development/product quality 
body weight at 17 weeks of age,backfat (17 weeks of age),7,58.9,70.1 
208,189    58.9    70.1    934.0    997.9    0,1  development/product quality 
body weight at 17 weeks of age,backfat (22 weeks of age),7,58.9,70.1 
209,189    58.9    70.1    934.0    997.9    0,1  development/product quality 
body weight at 17 weeks of age,backfat (40 kg live weight),7,58.9,70.1 
210,189    58.9    70.1    934.0    997.9    0,1  development/product quality 
body weight at 17 weeks of age,backfat (60 kg live weight),7,58.9,70.1 
211,189    58.9    70.1    934.0    997.9    0,1  development/product quality 
body weight at 22 weeks of age,backfat (13 weeks of age),7,58.9,70.1 
207,190    58.9    70.1    934.0    997.9    0,1  development/product quality 
body weight at 22 weeks of age,backfat (17 weeks of age),7,58.9,70.1 
208,190    58.9    70.1    934.0    997.9    0,1  development/product quality 
body weight at 22 weeks of age,backfat (22 weeks of age),7,58.9,70.1 
209,190    58.9    70.1    934.0    997.9    0,1  development/product quality 
body weight at 22 weeks of age,backfat (40 kg live weight),7,58.9,70.1 
210,190    58.9    70.1    934.0    997.9    0,1  development/product quality 
body weight at 22 weeks of age,backfat (60 kg live weight),7,58.9,70.1 
211,190    58.9    70.1    934.0    997.9    0,1  development/product quality 
 
 
 
CK20,body weight at 13 weeks of age,7,58.9,70.1  
188,1056    58.9    70.1    934.0    997.9    1,0 exterior/development 
CK20,body weight at 17 weeks of age,7,58.9,70.1  
189,1056    58.9    70.1    934.0    997.9    1,0 exterior/development 
CK20,body weight at 22 weeks of age,7,58.9,70.1  
190,1056    58.9    70.1    934.0    997.9    1,0 exterior/development 
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hot carcass weight,belly percentage,7,82.8,90.1 
650,3    82.8    90.1    1070.3    1305.1    0,0  product quality/product quality 
 
 
 
=================================================================== 
 
Chr. 8 
 
Palmitoleic acid percentage,Palmitic acid percentage,8,60.4,112.3 
469,470    60.4    112.3    346.8    1570.7    1,1 product quality/product quality 
Average chain length,Palmitic acid percentage,8,60.4,112.3 
471,469    60.4    112.3    346.8    1570.7    1,1 product quality/product quality 
Average chain length,Palmitoleic acid percentage,8,60.4,112.3 
471,470    60.4    112.3    346.8    1570.7    1,1 product quality/product quality 
 
ovulation rate,Average chain length,8,60.4,107.5 
471,492    60.4    107.5    346.8    1457.5    1,1 reproduction/product quality 
 
 
conductivity 45 minutes post mortem,leaf fat weight,8,25.2,46.3 
1098,40    25.2    46.3    424.6    974.4    0,1 product quality/product quality 
Palmitic acid percentage,Trimmed whole-sale product / carcass weight,8,99.0,112.3 
469,17    99.0    112.3    1537.5    1721.2    0,1 product quality/product quality 
Palmitoleic acid percentage,Trimmed whole-sale product / carcass weight,8,99.0,112.3 
470,17    99.0    112.3    1537.5    1721.2    0,1 product quality/product quality 
Average chain length,loin eye area,8,99.0,105.9 
471,5    99.0    105.9    1537.5    1632.8    0,1 product quality/product quality 
Average chain length,Trimmed whole-sale product / carcass weight,8,99.0,112.3 
471,17    99.0    112.3    1537.5    1721.2    0,1 product quality/product quality 
 
 
================================================================= 
 
Chr. 9 
 
N/A 
 
================================================================ 
 
Chr. 10 
 
Musculus semitendinosus (ST) weight,average daily gain (4-13 weeks),10,96.0,101.0 
280,1283    96.0    101.0    781.1    862.1    1,1 product quality/development 
 
=============================================================== 
 
Chr. 11 
 
N/A 
 
================================================================ 
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Chr. 12 
 
backfat depth at last rib,backfat thickness at last rib,12,16.7,64.7 
1121,1124    16.7    64.7    138.6    288.6    1,1 product quality/product quality 
Linolenic acid percentage,backfat thickness at last rib,12,16.7,62.8 
1124,473    16.7    62.8    138.2    277.2    1,1 product quality/product quality 
Linolenic acid percentage,backfat depth at last rib,12,16.7,62.8 
1121,473    16.7    62.8    138.2    277.2    1,1 product quality/product quality 
 
 
Heart weight,color score,12,84.2,95.8 
112,1125    84.2    95.8    327.3    539.3    1,0 product quality/product quality 
 
 
Number of nipples,color score,12,84.2,95.8  
112,595    84.2    95.8    327.3    539.3    1,0 reproduction/product quality 
Number of nipples,Heart weight,12,80.2,95.8 
1125,595    80.2    95.8    160.7    490.1    0,1 reproduction/product quality 
 
================================================================ 
 
Chr. 13 
 
ovulation rate,backfat weight,13,27.9,35.4 
1132,493    27.9    35.4    529.3    941.9    0,0 reproduction/product quality 
 
=============================================================  
 
Chr. 14 
 
Trimmed whole-sale product / carcass weight,Trimmed whole-sale product / live weight,14,27.8,41.5
      
18,14    27.8    41.5    740.7    2058.1    1,1  product quality/product quality  
fat androstenone level at 100 days of age,loin eye area,14,22.3,60.0 
606,7    22.3    60.0    486.4    2605.7    1,1  product quality/product quality 
fat androstenone level at 100 days of age,Trimmed whole-sale product / live weight,14,22.3,41.5  
606,14    22.3    41.5    508.4    2117.4    1,1  product quality/product quality 
fat androstenone level at 100 days of age,Trimmed whole-sale product / carcass weight,14,27.8,57.9 
606,18    27.8    57.9    740.7    2909.7    1,1  product quality/product quality 
fat androstenone level at 120 days of age,loin eye area,14,22.3,60.0 
607,7    22.3    60.0    486.4    2605.7    1,1  product quality/product quality 
fat androstenone level at 120 days of age,Trimmed whole-sale product / live weight,14,22.3,41.5 
607,14    22.3    41.5    508.4    2117.4    1,1  product quality/product quality 
fat androstenone level at 120 days of age,Trimmed whole-sale product / carcass weight,14,27.8,57.9 
607,18    27.8    57.9    740.7    2909.7    1,1  product quality/product quality 
fat androstenone level at 120 days of age,fat androstenone level at 100 days of age,14,22.3,60.0 
606,607    22.3    60.0    486.4    2605.7    1,1 product quality/product quality  
fat androstenone level at 140 days of age,loin eye area,14,22.3,60.0 
608,7    22.3    60.0    486.4    2605.7    1,1  product quality/product quality 
fat androstenone level at 140 days of age,Trimmed whole-sale product / live weight,14,22.3,41.5 
608,14    22.3    41.5    508.4    2117.4    1,1  product quality/product quality 
fat androstenone level at 140 days of age,Trimmed whole-sale product / carcass weight,14,27.8,57.9 
608,18    27.8    57.9    740.7    2909.7    1,1  product quality/product quality 
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fat androstenone level at 140 days of age,fat androstenone level at 100 days of age,14,22.3,60.0 
606,608    22.3    60.0    486.4    2605.7    1,1 product quality/product quality 
fat androstenone level at 140 days of age,fat androstenone level at 120 days of age,14,22.3,60.0 
607,608    22.3    60.0    486.4    2605.7    1,1 product quality/product quality 
fat androstenone level at 160 days of age,loin eye area,14,22.3,60.0 
609,7    22.3    60.0    486.4    2605.7    1,1  product quality/product quality 
fat androstenone level at 160 days of age,Trimmed whole-sale product / live weight,14,22.3,41.5 
609,14    22.3    41.5    508.4    2117.4    1,1  product quality/product quality 
fat androstenone level at 160 days of age,Trimmed whole-sale product / carcass weight,14,27.8,57.9 
609,18    27.8    57.9    740.7    2909.7    1,1  product quality/product quality 
fat androstenone level at 160 days of age,fat androstenone level at 100 days of age,14,22.3,60.0 
606,609    22.3    60.0    486.4    2605.7    1,1 product quality/product quality 
fat androstenone level at 160 days of age,fat androstenone level at 120 days of age,14,22.3,60.0 
607,609    22.3    60.0    486.4    2605.7    1,1 product quality/product quality 
fat androstenone level at 160 days of age,fat androstenone level at 140 days of age,14,22.3,60.0 
608,609    22.3    60.0    486.4    2605.7    1,1 product quality/product quality 
 
 
 
Shoulder meat weight,Trimmed whole-sale product / carcass weight,14,46.3,57.9 
1155,18    46.3    57.9    2519.7    3155.1    0,0 product quality/product quality 
Shoulder meat weight,fat androstenone level at 100 days of age,14,46.3,60.0 
606,1155    46.3    60.0    2519.7    3064.5    0,0 product quality/product quality 
Shoulder meat weight,fat androstenone level at 120 days of age,14,46.3,60.0 
607,1155    46.3    60.0    2519.7    3064.5    0,0 product quality/product quality 
Shoulder meat weight,fat androstenone level at 140 days of age,14,46.3,60.0 
608,1155    46.3    60.0    2519.7    3064.5    0,0 product quality/product quality 
Shoulder meat weight,fat androstenone level at 160 days of age,14,46.3,60.0 
609,1155    46.3    60.0    2519.7    3064.5    0,0 product quality/product quality 
 
============================================================== 
 
Chr. 15 
 
backfat depth at last rib,backfat (average) thickness,15,34.6,47.4 
1174,1176    34.6    47.4    678.1    1223.5    1,1 product quality/product quality 
backfat at tenth rib,backfat (average) thickness,15,34.6,47.4 
1174,1175    34.6    47.4    678.1    1223.5    1,1 product quality/product quality 
backfat at tenth rib,backfat depth at last rib,15,34.6,47.4 
1175,1176    34.6    47.4    678.1    1223.5    1,1 product quality/product quality 
 
---------------------------------------------------------------------------------------------------------------------------------------
-------------------------------------------------- 
 
chr16 pig 
 
N/A 
 
---------------------------------------------------------------------------------------------------------------------------------------
-------------------------------------------------- 
 
chr17 pig 
 
N/A 
 106 
 
---------------------------------------------------------------------------------------------------------------------------------------
-------------------------------------------------- 
 
chr18 pig 
 
N/A 
 
---------------------------------------------------------------------------------------------------------------------------------------
-------------------------------------------------- 
 
 
Section 2.  The following section summarizes the totals for the overlapping pairs of classifications.  
The categories include reproduction (Repro), product quality (Prod. Q), development (Develop), 
immune function (Imm. Fun.), exterior (Exteriior), and production (Production).  A number indicates 
the total number of overlapping pairs for a group of classifications and an X indicates that nothing was 
found for a group of classifications. 
 
 
Chr. 1  1:1 (significant pleiotropic effect) 
 
 Repro Prod. Q Develop Imm. Fun. Exterior Production 
Repro X X X X X X 
Prod. Q. X 13 X X X X 
Develop X 43 19 X X X 
Imm. Fun. X X X X X X 
Exterior X X X X X X 
Production X X X X X X 
 
Chr. 1  1:0 or 0:1 (suggestive pleiotropic effect) 
 
 Repro Prod. Q Develop Imm. Fun. Exterior Production 
Repro X X X X X X 
Prod. Q. X 11 X X X X 
Develop X 15 X X X X 
Imm. Fun. X X X X X X 
Exterior X X X X X X 
Production X X X X X X 
 
Chr. 1 0:0 (minimal pleiotropic effect) 
 
 Repro Prod. Q Develop Imm. Fun. Exterior Production 
Repro X X X X X X 
Prod. Q. X X X X X X 
Develop X X X X X X 
Imm. Fun. X X X X X X 
Exterior X X X X X X 
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Production X X X X X X 
 
Chr. 2 1:1 
 Repro Prod. Q Develop Imm. Fun. Exterior Production 
Repro X X X X X X 
Prod. Q. 1 20 X X X X 
Develop X X X X X X 
Imm. Fun. X X X X X X 
Exterior X X X X X X 
Production X X X X X X 
 
Chr. 2 1:0 or 0:1 
 Repro Prod. Q Develop Imm. Fun. Exterior Production 
Repro X X X X X X 
Prod. Q. X 5 2 X X X 
Develop X X X X X X 
Imm. Fun. X X X X X X 
Exterior X X X X X X 
Production X X X X X X 
 
Chr. 2 0:0 
 Repro Prod. Q Develop Imm. Fun. Exterior Production 
Repro X X X X X X 
Prod. Q. X 4 1 X X X 
Develop X X X X X X 
Imm. Fun. X X X X X X 
Exterior X X X X X X 
Production X X X X X X 
 
Chr. 3 1:1 
 Repro Prod. Q Develop Imm. Fun. Exterior Production 
Repro X X X X X X 
Prod. Q. X 3 3 X X X 
Develop X X X X X X 
Imm. Fun. X X X X X X 
Exterior X X X X X X 
Production X X X X X X 
 
Chr. 3 1:0 or 0:1 
 Repro Prod. Q Develop Imm. Fun. Exterior Production 
Repro X X X X X X 
Prod. Q. X X 1 X X X 
Develop X X X X X X 
Imm. Fun. X X X X X X 
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Exterior X X X X X X 
Production X X X X X X 
 
Chr. 3 0:0 
 Repro Prod. Q Develop Imm. Fun. Exterior Production 
Repro X X X X X X 
Prod. Q. X X 2 X X X 
Develop X X 1 X X X 
Imm. Fun. X X X X X X 
Exterior X X X X X X 
Production X X X X X X 
 
Chr. 4 1:1 
 Repro Prod. Q Develop Imm. Fun. Exterior Production 
Repro X X X X X X 
Prod. Q. 3 28 71 X X 3 
Develop X X 37 X X 1 
Imm. Fun. X X X X X X 
Exterior X X X X X X 
Production X X X X X X 
 
Chr. 4 1:0 or 0:1 
 Repro Prod. Q Develop Imm. Fun. Exterior Production 
Repro X 8 7 X X 1 
Prod. Q. X 27 X X X X 
Develop X 45 3 X X X 
Imm. Fun. X X X X X X 
Exterior X X X X X X 
Production X 9 6 X X X 
 
Chr. 4 0:0 
 Repro Prod. Q Develop Imm. Fun. Exterior Production 
Repro X X X X X X 
Prod. Q. X 12 X X X X 
Develop X 15 13 X X X 
Imm. Fun. X X X X X X 
Exterior X X X X X X 
Production X X X X X X 
 
Chr. 5 1:1 
 Repro Prod. Q Develop Imm. Fun. Exterior Production 
Repro X X X X X X 
Prod. Q. X 3 X X X X 
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Develop X X X X X X 
Imm. Fun. X X X X X X 
Exterior X X X X X X 
Production X X X X X X 
 
Chr. 5 1:0 or 0:1 
 Repro Prod. Q Develop Imm. Fun. Exterior Production 
Repro X X X X X X 
Prod. Q. X X X X X X 
Develop X X X X X X 
Imm. Fun. X X X X X X 
Exterior X X X X X X 
Production X X X X X X 
 
Chr. 5 0:0 
 Repro Prod. Q Develop Imm. Fun. Exterior Production 
Repro X X X X X X 
Prod. Q. X X X X X X 
Develop X X X X X X 
Imm. Fun. X X X X X X 
Exterior X X X X X X 
Production X X X X X X 
 
Chr. 6 1:1 
 Repro Prod. Q Develop Imm. Fun. Exterior Production 
Repro X X X X X X 
Prod. Q. X 3 X X X X 
Develop X 1 6 X X X 
Imm. Fun. X X X X X X 
Exterior X X X X X X 
Production X X X X X X 
 
Chr. 6 1:0 or 0:1 
 Repro Prod. Q Develop Imm. Fun. Exterior Production 
Repro X X X X X X 
Prod. Q. X 4 X X X X 
Develop X 14 X X X X 
Imm. Fun. X X X X X X 
Exterior X X X X X X 
Production X X X X X X 
 
Chr. 6 0:0 
 Repro Prod. Q Develop Imm. Fun. Exterior Production 
Repro X X X X X X 
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Prod. Q. X 2 X X X X 
Develop X 6 5 X X X 
Imm. Fun. X X X X X X 
Exterior X X X X X X 
Production X X X X X X 
 
Chr. 7 1:1 
 Repro Prod. Q Develop Imm. Fun. Exterior Production 
Repro X X X X X X 
Prod. Q. X 29 X X X X 
Develop X 9 2 X X X 
Imm. Fun. X X X X X X 
Exterior X 8 X X X X 
Production X X X X X X 
 
Chr. 7 1:0 or 0:1 
 Repro Prod. Q Develop Imm. Fun. Exterior Production 
Repro X X X X X X 
Prod. Q. X 5 X X X X 
Develop X 15 X X X X 
Imm. Fun. X X X X X X 
Exterior X X 3 X X X 
Production X X X X X X 
 
Chr. 7 0:0 
 Repro Prod. Q Develop Imm. Fun. Exterior Production 
Repro X X X X X X 
Prod. Q. X 1 X X X X 
Develop X X X X X X 
Imm. Fun. X X X X X X 
Exterior X X X X X X 
Production X X X X X X 
 
Chr. 8 1:1 
 Repro Prod. Q Develop Imm. Fun. Exterior Production 
Repro X 1 X X X X 
Prod. Q. X 3 X X X X 
Develop X X X X X X 
Imm. Fun. X X X X X X 
Exterior X X X X X X 
Production X X X X X X 
 
Chr. 8 1:0 or 0:1 
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 Repro Prod. Q Develop Imm. Fun. Exterior Production 
Repro X X X X X X 
Prod. Q. X 5 X X X X 
Develop X X X X X X 
Imm. Fun. X X X X X X 
Exterior X X X X X X 
Production X X X X X X 
 
Chr. 8 0:0 
 Repro Prod. Q Develop Imm. Fun. Exterior Production 
Repro X X X X X X 
Prod. Q. X X X X X X 
Develop X X X X X X 
Imm. Fun. X X X X X X 
Exterior X X X X X X 
Production X X X X X X 
 
Chr. 9 1:1 
 Repro Prod. Q Develop Imm. Fun. Exterior Production 
Repro X X X X X X 
Prod. Q. X X X X X X 
Develop X X X X X X 
Imm. Fun. X X X X X X 
Exterior X X X X X X 
Production X X X X X X 
 
Chr. 9 1:0 or 0:1 
 Repro Prod. Q Develop Imm. Fun. Exterior Production 
Repro X X X X X X 
Prod. Q. X X X X X X 
Develop X X X X X X 
Imm. Fun. X X X X X X 
Exterior X X X X X X 
Production X X X X X X 
 
Chr. 9 0:0 
 Repro Prod. Q Develop Imm. Fun. Exterior Production 
Repro X X X X X X 
Prod. Q. X X X X X X 
Develop X X X X X X 
Imm. Fun. X X X X X X 
Exterior X X X X X X 
Production X X X X X X 
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Chr. 10 1:1 
 Repro Prod. Q Develop Imm. Fun. Exterior Production 
Repro X X X X X X 
Prod. Q. X X 1 X X X 
Develop X X X X X X 
Imm. Fun. X X X X X X 
Exterior X X X X X X 
Production X X X X X X 
 
Chr. 10 1:0 or 0:1 
 Repro Prod. Q Develop Imm. Fun. Exterior Production 
Repro X X X X X X 
Prod. Q. X X X X X X 
Develop X X X X X X 
Imm. Fun. X X X X X X 
Exterior X X X X X X 
Production X X X X X X 
 
Chr. 10 0:0 
 Repro Prod. Q Develop Imm. Fun. Exterior Production 
Repro X X X X X X 
Prod. Q. X X X X X X 
Develop X X X X X X 
Imm. Fun. X X X X X X 
Exterior X X X X X X 
Production X X X X X X 
 
Chr. 11 1:1 
 Repro Prod. Q Develop Imm. Fun. Exterior Production 
Repro X X X X X X 
Prod. Q. X X X X X X 
Develop X X X X X X 
Imm. Fun. X X X X X X 
Exterior X X X X X X 
Production X X X X X X 
 
Chr. 11 1:0 or 0:1 
 Repro Prod. Q Develop Imm. Fun. Exterior Production 
Repro X X X X X X 
Prod. Q. X X X X X X 
Develop X X X X X X 
Imm. Fun. X X X X X X 
Exterior X X X X X X 
Production X X X X X X 
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Chr. 11 0:0 
 Repro Prod. Q Develop Imm. Fun. Exterior Production 
Repro X X X X X X 
Prod. Q. X X X X X X 
Develop X X X X X X 
Imm. Fun. X X X X X X 
Exterior X X X X X X 
Production X X X X X X 
 
Chr. 12 1:1 
 Repro Prod. Q Develop Imm. Fun. Exterior Production 
Repro X X X X X X 
Prod. Q. X 3 X X X X 
Develop X X X X X X 
Imm. Fun. X X X X X X 
Exterior X X X X X X 
Production X X X X X X 
 
Chr. 12 1:0 or 0:1 
 Repro Prod. Q Develop Imm. Fun. Exterior Production 
Repro X 2 X X X X 
Prod. Q. X 1 X X X X 
Develop X X X X X X 
Imm. Fun. X X X X X X 
Exterior X X X X X X 
Production X X X X X X 
 
Chr. 12 0:0 
 Repro Prod. Q Develop Imm. Fun. Exterior Production 
Repro X X X X X X 
Prod. Q. X X X X X X 
Develop X X X X X X 
Imm. Fun. X X X X X X 
Exterior X X X X X X 
Production X X X X X X 
 
Chr. 13 1:1 
 Repro Prod. Q Develop Imm. Fun. Exterior Production 
Repro X X X X X X 
Prod. Q. X X X X X X 
Develop X X X X X X 
Imm. Fun. X X X X X X 
Exterior X X X X X X 
Production X X X X X X 
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Chr. 13 1:0 or 0:1 
 Repro Prod. Q Develop Imm. Fun. Exterior Production 
Repro X X X X X X 
Prod. Q. X X X X X X 
Develop X X X X X X 
Imm. Fun. X X X X X X 
Exterior X X X X X X 
Production X X X X X X 
 
Chr. 13 0:0 
 Repro Prod. Q Develop Imm. Fun. Exterior Production 
Repro X 1 X X X X 
Prod. Q. X X X X X X 
Develop X X X X X X 
Imm. Fun. X X X X X X 
Exterior X X X X X X 
Production X X X X X X 
 
Chr. 14 1:1 
 Repro Prod. Q Develop Imm. Fun. Exterior Production 
Repro X X X X X X 
Prod. Q. X 19 X X X X 
Develop X X X X X X 
Imm. Fun. X X X X X X 
Exterior X X X X X X 
Production X X X X X X 
 
Chr. 14 1:0 or 0:1 
 Repro Prod. Q Develop Imm. Fun. Exterior Production 
Repro X X X X X X 
Prod. Q. X X X X X X 
Develop X X X X X X 
Imm. Fun. X X X X X X 
Exterior X X X X X X 
Production X X X X X X 
 
Chr. 14 0:0 
 Repro Prod. Q Develop Imm. Fun. Exterior Production 
Repro X X X X X X 
Prod. Q. X 5 X X X X 
Develop X X X X X X 
Imm. Fun. X X X X X X 
Exterior X X X X X X 
Production X X X X X X 
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Chr. 15 1:1 
 Repro Prod. Q Develop Imm. Fun. Exterior Production 
Repro X X X X X X 
Prod. Q. X 3 X X X X 
Develop X X X X X X 
Imm. Fun. X X X X X X 
Exterior X X X X X X 
Production X X X X X X 
 
Chr. 15 1:0 or 0:1 
 Repro Prod. Q Develop Imm. Fun. Exterior Production 
Repro X X X X X X 
Prod. Q. X X X X X X 
Develop X X X X X X 
Imm. Fun. X X X X X X 
Exterior X X X X X X 
Production X X X X X X 
 
Chr. 15 0:0 
 Repro Prod. Q Develop Imm. Fun. Exterior Production 
Repro X X X X X X 
Prod. Q. X X X X X X 
Develop X X X X X X 
Imm. Fun. X X X X X X 
Exterior X X X X X X 
Production X X X X X X 
 
Chr. 16 1:1 
 Repro Prod. Q Develop Imm. Fun. Exterior Production 
Repro X X X X X X 
Prod. Q. X X X X X X 
Develop X X X X X X 
Imm. Fun. X X X X X X 
Exterior X X X X X X 
Production X X X X X X 
 
Chr. 16 1:0 or 0:1 
 Repro Prod. Q Develop Imm. Fun. Exterior Production 
Repro X X X X X X 
Prod. Q. X X X X X X 
Develop X X X X X X 
Imm. Fun. X X X X X X 
Exterior X X X X X X 
Production X X X X X X 
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Chr. 16 0:0 
 Repro Prod. Q Develop Imm. Fun. Exterior Production 
Repro X X X X X X 
Prod. Q. X X X X X X 
Develop X X X X X X 
Imm. Fun. X X X X X X 
Exterior X X X X X X 
Production X X X X X X 
 
Chr. 17 1:1 
 Repro Prod. Q Develop Imm. Fun. Exterior Production 
Repro X X X X X X 
Prod. Q. X X X X X X 
Develop X X X X X X 
Imm. Fun. X X X X X X 
Exterior X X X X X X 
Production X X X X X X 
 
Chr. 17 1:0 or 0:1 
 Repro Prod. Q Develop Imm. Fun. Exterior Production 
Repro X X X X X X 
Prod. Q. X X X X X X 
Develop X X X X X X 
Imm. Fun. X X X X X X 
Exterior X X X X X X 
Production X X X X X X 
 
Chr. 17 0:0 
 Repro Prod. Q Develop Imm. Fun. Exterior Production 
Repro X X X X X X 
Prod. Q. X X X X X X 
Develop X X X X X X 
Imm. Fun. X X X X X X 
Exterior X X X X X X 
Production X X X X X X 
 
Chr. 18 1:1 
 Repro Prod. Q Develop Imm. Fun. Exterior Production 
Repro X X X X X X 
Prod. Q. X X X X X X 
Develop X X X X X X 
Imm. Fun. X X X X X X 
Exterior X X X X X X 
Production X X X X X X 
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Chr. 18 1:0 or 0:1 
 Repro Prod. Q Develop Imm. Fun. Exterior Production 
Repro X X X X X X 
Prod. Q. X X X X X X 
Develop X X X X X X 
Imm. Fun. X X X X X X 
Exterior X X X X X X 
Production X X X X X X 
 
Chr. 18 0:0 
 Repro Prod. Q Develop Imm. Fun. Exterior Production 
Repro X X X X X X 
Prod. Q. X X X X X X 
Develop X X X X X X 
Imm. Fun. X X X X X X 
Exterior X X X X X X 
Production X X X X X X 
 
Combined 
 
Concordinant Nonconcodinant 
1:1 191 141 
1:0 or 0:1 61 128 
0:0 43 25 
 
 
Section 3.  This section includes the data which was used for the logistic regression 
analysis.  It includes the marker, trait name, centimorgan location, and classification.  This 
data comes from traits associated with a peak value from chromosome 1 of the pig. 
 
| SW216     | loin eye area (measured at 13 weeks of age)      | 82.4        
| product quality 
| SW373     | average daily gain                               | 119.5       
| development 
| SW373     | backfat (average) thickness                      | 119.5       
| product quality 
| S0008     | Average backfat                                  | 43.5        
| product quality 
| S0008     | loin eye area                                    | 43.5        
| product quality 
| S0008     | Ham weight                                       | 43.5        
| product quality 
| SW705     | Total Vertebra number.                           | 122.6       
| product quality 
| SW705     | Longissimus muscle length                        | 122.6       
| product quality 
| SW705     | fat ratio (percentage)                           | 122.6       
|  product quality 
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| SW780     | Back fat at rump.                                | 81          
| product quality 
| SW780     | backfat (average) thickness                      | 81          
|  product quality 
| SW974     | carcass length                                   | 102.9       
| development 
| SW974     | Average daily gain between weaning and slaughter | 102.9       
|  development 
| SW962     | backfat weight                                   | 80.5        
|  product quality 
| SWR982    | Last lumbar backfat                              | 86.2        
|  product quality 
| SW1301    | Last-rib back fat                                | 140.5       
| development 
| SW1301    | body weight at 3 weeks of age                    | 140.5       
| development 
| SW1301    | body weight at 13 weeks of age                   | 140.5       
| development 
| SW1301    | body weight at 17 weeks of age                   | 140.5       
| development 
| SW1301    | average daily gain (3-10 weeks)                  | 140.5       
| product quality 
| SW1301    | backfat (13 weeks of age)                        | 140.5       
| product quality 
| SW1301    | backfat (17 weeks of age)                        | 140.5       
| product quality 
| SW1301    | backfat (22 weeks of age)                        | 140.5       
| product quality 
| SW1301    | backfat (40 kg live weight)                      | 140.5       
| product quality 
| SW1301    | backfat (60 kg live weight)                      | 140.5       
| product quality 
| SW1301    | Average daily gain - 3-10 weeks                  | 140.5       
| development 
| SW1301    | body weight at 10 weeks of age                   | 140.5       
| development 
| SW1301    | body weight at 13 weeks of age                   | 140.5       
| development 
| SW1301    | body weight at 17 weeks of age                   | 140.5       
| development 
| SW1332    | Inguinal Hernia                                  | 29.2        
| reproduction 
| S0112     | Early growth rate                                | 121.3       
| development 
| S0113     | Last-rib back fat                                | 80.5        
| product quality 
| SW1431    | Ham weight                                       | 81          
| product quality 
| SW1616    | marbling                                         | 69.3        
| product quality 
| SW1616    | total lipid                                      | 69.3        
| product quality 
| SW1824    | pH for Biceps Femoris                            | 3           
| product quality 
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| SW1851    | tenth-rib back fat                               | 44.6        
| development 
| SW2185    | average daily gain                               | 67.6        
| product quality 
| SW2185    | backfat (average) thickness                      | 67.6        
| product quality 
| S0056     | loin eye area                                    | 127.1       
| product quality 
| S0056     | trimmed whole-sale product / live weight         | 127.1       
| product quality 
| S0056     | trimmed whole-sale product / carcass weight      | 127.1       
| product quality 
| S0056     | Average backfat                                  | 127.1       
| product quality 
| S0056     | drip loss                                        | 127.1       
| product quality 
| ESRPVU    | litter size                                      | 19          
| reproduction 
| ESRPVU    | litter size                                      | 19          
| reproduction 
| S0082     | Feed Intake                                      | 79.4        
 production 
    
 
 
 
Section 1.  This section includes raw data for the trait to trait comparison of each autosome 
in the pig which included overlapping pairs that were from one of the three significance 
levels (significant pleiotropic effect, suggestive pleiotropic effect, and minimal pleiotropic 
effect).  Each result includes two rows of data.  The first row includes trait 1, trait 2, the 
chromosome, the start centimorgan location, and the end centimorgan location.  The second 
row includes the QTL id 1, QTL id 2, the start centimorgan location, the end centimorgan 
location, the radiation hybrid start location, the radiation hybrid end location, the significance 
level (1:1, 1:0 or 0:1, or 0:0), and the classification pair that the traits belong to. 
 
 
 
Chr 1 
 
backfat (17 weeks of age),backfat (13 weeks of age),1,131.0,141.5 
192,193    131.0    141.5    -1.0    -1.0    1,1  product quality/product quality     
backfat (22 weeks of age),backfat (13 weeks of age),1,131.0,141.5 
192,194    131.0    141.5    -1.0    -1.0    1,1     product quality/product quality 
backfat (22 weeks of age),backfat (17 weeks of age),1,131.0,141.5 
193,194    131.0    141.5    -1.0    -1.0    1,1  product quality/product quality 
backfat (40 kg live weight),backfat (13 weeks of age),1,131.0,141.5 
192,195    131.0    141.5    -1.0    -1.0    1,1  product quality/product quality 
backfat (40 kg live weight),backfat (17 weeks of age),1,131.0,141.5 
193,195    131.0    141.5    -1.0    -1.0    1,1  product quality/product quality 
backfat (40 kg live weight),backfat (22 weeks of age),1,131.0,141.5 
194,195    131.0    141.5    -1.0    -1.0    1,1  product quality/product quality 
 120 
backfat (60 kg live weight),backfat (13 weeks of age),1,131.0,141.5 
192,196    131.0    141.5    -1.0    -1.0    1,1  product quality/product quality 
backfat (60 kg live weight),backfat (17 weeks of age),1,131.0,141.5 
193,196    131.0    141.5    -1.0    -1.0    1,1  product quality/product quality 
backfat (60 kg live weight),backfat (22 weeks of age),1,131.0,141.5 
194,196    131.0    141.5    -1.0    -1.0    1,1  product quality/product quality 
backfat (60 kg live weight),backfat (40 kg live weight),1,131.0,141.5 
195,196    131.0    141.5    -1.0    -1.0    1,1  product quality/product quality 
Trimmed whole-sale product / live weight,drip loss,1,124.0,144.0 
80,13    124.0    144.0    -1.0    -1.0    1,1  product quality/product quality 
Trimmed whole-sale product / carcass weight,drip loss,1,118.5,144.0 
80,16    118.5    144.0    -1.0    -1.0    1,1   product quality/product quality 
Trimmed whole-sale product / carcass weight,Trimmed whole-sale product / live weight,1,124.0,144.0 
16,13    124.0    144.0    -1.0    -1.0    1,1   product quality/product quality 
 
 
body weight at 3 weeks of age,average daily gain (3-10 weeks),1,138.0,140.5 
170,167    138.0    140.5    3567.1    3605.5    1,1 development/development 
body weight at 10 weeks of age,average daily gain (3-10 weeks),1,132.0,141.5 
170,660    132.0    141.5    -1.0    -1.0    1,1  development/development 
body weight at 10 weeks of age,body weight at 3 weeks of age,1,138.0,140.5 
660,167    138.0    140.5    3567.1    3605.5    1,1 development/development 
body weight at 13 weeks of age,average daily gain (3-10 weeks),1,132.0,141.5 
170,661    132.0    141.5    -1.0    -1.0    1,1  development/development 
170,168    132.0    140.5    3474.8    3605.5    1,1 development/development 
body weight at 13 weeks of age,body weight at 3 weeks of age,1,138.0,140.5 
661,167    138.0    140.5    3567.1    3605.5    1,1 development/development 
168,167    138.0    140.5    3567.1    3605.5    1,1 development/development 
body weight at 13 weeks of age,body weight at 10 weeks of age,1,118.5,153.0 
660,661    118.5    153.0    -1.0    -1.0    1,1  development/development 
660,168    130.0    140.5    3444.0    3605.5    1,1 development/development 
body weight at 17 weeks of age,average daily gain (3-10 weeks),1,132.0,141.5 
170,662    132.0    141.5    -1.0    -1.0    1,1  development/development 
170,169    134.0    141.5    -1.0    -1.0    1,1  development/development 
body weight at 17 weeks of age,body weight at 3 weeks of age,1,138.0,140.5 
662,167    138.0    140.5    3567.1    3605.5    1,1 development/development 
169,167    138.0    140.5    3567.1    3605.5    1,1 development/development 
body weight at 17 weeks of age,body weight at 10 weeks of age,1,118.5,153.0 
660,662    118.5    153.0    -1.0    -1.0    1,1  development/development 
660,169    134.0    146.0    -1.0    -1.0    1,1  development/development 
body weight at 17 weeks of age,body weight at 13 weeks of age,1,118.5,153.0 
661,662    118.5    153.0    -1.0    -1.0    1,1  development/development 
661,169    134.0    146.0    -1.0    -1.0    1,1  development/development 
168,662    130.0    140.5    3444.0    3605.5    1,1 development/development 
168,169    134.0    140.5    3505.5    3605.5    1,1 development/development 
 
 
 
average daily gain (3-10 weeks),backfat (13 weeks of age),1,132.0,141.5 
170,192    132.0    141.5    -1.0    -1.0    1,1    development/product quality 
average daily gain (3-10 weeks),backfat (17 weeks of age),1,132.0,141.5 
170,193    132.0    141.5    -1.0    -1.0    1,1    development/product quality 
average daily gain (3-10 weeks),backfat (22 weeks of age),1,132.0,141.5 
170,194    132.0    141.5    -1.0    -1.0    1,1    development/product quality 
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average daily gain (3-10 weeks),backfat (40 kg live weight),1,132.0,141.5 
170,195    132.0    141.5    -1.0    -1.0    1,1    development/product quality 
average daily gain (3-10 weeks),backfat (60 kg live weight),1,132.0,141.5 
170,196    132.0    141.5    -1.0    -1.0    1,1    development/product quality 
body weight at 3 weeks of age,backfat (13 weeks of age),1,138.0,140.5 
192,167    138.0    140.5    3567.1    3605.5    1,1 development/product quality 
body weight at 3 weeks of age,backfat (17 weeks of age),1,138.0,140.5 
193,167    138.0    140.5    3567.1    3605.5    1,1       development/product quality 
body weight at 3 weeks of age,backfat (22 weeks of age),1,138.0,140.5 
194,167    138.0    140.5    3567.1    3605.5    1,1 development/product quality 
body weight at 3 weeks of age,backfat (40 kg live weight),1,138.0,140.5 
195,167    138.0    140.5    3567.1    3605.5    1,1 development/product quality 
body weight at 3 weeks of age,backfat (60 kg live weight),1,138.0,140.5 
196,167    138.0    140.5    3567.1    3605.5    1,1 development/product quality 
body weight at 10 weeks of age,backfat (13 weeks of age),1,131.0,141.5 
192,660    131.0    141.5    -1.0    -1.0    1,1  development/product quality 
body weight at 10 weeks of age,backfat (17 weeks of age),1,131.0,141.5 
193,660    131.0    141.5    -1.0    -1.0    1,1  development/product quality 
body weight at 10 weeks of age,backfat (22 weeks of age),1,131.0,141.5 
194,660    131.0    141.5    -1.0    -1.0    1,1  development/product quality 
body weight at 10 weeks of age,backfat (40 kg live weight),1,131.0,141.5 
195,660    131.0    141.5    -1.0    -1.0    1,1  development/product quality 
body weight at 10 weeks of age,backfat (60 kg live weight),1,131.0,141.5 
196,660    131.0    141.5    -1.0    -1.0    1,1  development/product quality  
body weight at 10 weeks of age,drip loss,1,118.5,153.0 
660,80    118.5    153.0    -1.0    -1.0    1,1  development/product quality 
body weight at 10 weeks of age,Trimmed whole-sale product / live weight,1,124.0,144.0 
660,13    124.0    144.0    -1.0    -1.0    1,1  development/product quality 
body weight at 10 weeks of age,Trimmed whole-sale product / carcass weight,1,118.5,144.0 
660,16    118.5    144.0    -1.0    -1.0    1,1  development/product quality 
body weight at 13 weeks of age,backfat (13 weeks of age),1,131.0,141.5 
192,661    131.0    141.5    -1.0    -1.0    1,1  development/product quality 
192,168    131.0    140.5    3459.4    3605.5    1,1 development/product quality 
body weight at 13 weeks of age,backfat (17 weeks of age),1,131.0,141.5 
193,661    131.0    141.5    -1.0    -1.0    1,1  development/product quality 
193,168    131.0    140.5    3459.4    3605.5    1,1 development/product quality 
body weight at 13 weeks of age,backfat (22 weeks of age),1,131.0,140.5 
194,661    131.0    141.5    -1.0    -1.0    1,1  development/product quality 
194,168    131.0    140.5    3459.4    3605.5    1,1 development/product quality 
body weight at 13 weeks of age,backfat (40 kg live weight),1,131.0,141.5 
195,661    131.0    141.5    -1.0    -1.0    1,1  development/product quality 
195,168    131.0    140.5    3459.4    3605.5    1,1 development/product quality  
body weight at 13 weeks of age,backfat (60 kg live weight),1,131.0,141.5 
196,661    131.0    141.5    -1.0    -1.0    1,1  development/product quality 
196,168    131.0    140.5    3459.4    3605.5    1,1 development/product quality 
body weight at 13 weeks of age,drip loss,1,118.5,153.0 
661,80    118.5    153.0    -1.0    -1.0    1,1  development/product quality 
body weight at 17 weeks of age,backfat (13 weeks of age),1,131.0,141.5 
192,662    131.0    141.5    -1.0    -1.0    1,1  development/product quality 
192,169    134.0    141.5    -1.0    -1.0    1,1  development/product quality 
body weight at 17 weeks of age,backfat (17 weeks of age),1,131.0,141.5 
193,662    131.0    141.5    -1.0    -1.0    1,1  development/product quality 
193,169    134.0    141.5    -1.0    -1.0    1,1  development/product quality 
body weight at 17 weeks of age,backfat (22 weeks of age),1,131.0,141.5 
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194,662    131.0    141.5    -1.0    -1.0    1,1  development/product quality 
194,169    134.0    141.5    -1.0    -1.0    1,1  development/product quality 
body weight at 17 weeks of age,backfat (40 kg live weight),1,131.0,141.5 
195,662    131.0    141.5    -1.0    -1.0    1,1  development/product quality 
195,169    134.0    141.5    -1.0    -1.0    1,1  development/product quality 
body weight at 17 weeks of age,backfat (60 kg live weight),1,131.0,141.5 
196,662    131.0    141.5    -1.0    -1.0    1,1  development/product quality 
196,169    134.0    141.5    -1.0    -1.0    1,1  development/product quality 
body weight at 17 weeks of age,drip loss,1,118.5,153.0 
662,80    118.5    153.0    -1.0    -1.0    1,1  development/product quality 
body weight at 17 weeks of age,Trimmed whole-sale product / live weight,1,124.0,144.0 
662,13    124.0    144.0    -1.0    -1.0    1,1  development/product quality 
body weight at 17 weeks of age,Trimmed whole-sale product / carcass weight,1,118.5,144.0 
662,16    118.5    144.0    -1.0    -1.0    1,1  development/product quality 
body weight at 13 weeks of age,Trimmed whole-sale product / live weight,1,124.0,144.0 
661,13    124.0    144.0    -1.0    -1.0    1,1  development/product quality 
 
 
 
drip loss,backfat (13 weeks of age),1,131.0,141.5 
192,80    131.0    141.5    -1.0    -1.0    1,0  product quality/product quality 
drip loss,backfat (17 weeks of age),1,131.0,141.5 
193,80    131.0    141.5    -1.0    -1.0    1,0  product quality/product quality 
drip loss,backfat (22 weeks of age),1,131.0,141.5 
194,80    131.0    141.5    -1.0    -1.0    1,0  product quality/product quality 
drip loss,backfat (40 kg live weight),1,131.0,141.5 
195,80    131.0    141.5    -1.0    -1.0    1,0  product quality/product quality 
drip loss,backfat (60 kg live weight),1,131.0,141.5 
196,80    131.0    141.5    -1.0    -1.0    1,0  product quality/product quality 
Trimmed whole-sale product / live weight,backfat (13 weeks of age),1,131.0,141.5 
192,13    131.0    141.5    -1.0    -1.0    1,0  product quality/product quality 
Trimmed whole-sale product / live weight,backfat (17 weeks of age),1,131.0,141.5 
193,13    131.0    141.5    -1.0    -1.0    1,0  product quality/product quality 
Trimmed whole-sale product / live weight,backfat (22 weeks of age),1,131.0,141.5 
194,13    131.0    141.5    -1.0    -1.0    1,0  product quality/product quality 
Trimmed whole-sale product / live weight,backfat (40 kg live weight),1,131.0,141.5 
195,13    131.0    141.5    -1.0    -1.0    1,0  product quality/product quality 
Trimmed whole-sale product / live weight,backfat (60 kg live weight),1,131.0,141.5 
196,13    131.0    141.5    -1.0    -1.0    1,0  product quality/product quality 
Trimmed whole-sale product / carcass weight,backfat (13 weeks of age),1,131.0,141.5 
192,16    131.0    141.5    -1.0    -1.0    1,0  product quality/product quality 
Trimmed whole-sale product / carcass weight,backfat (17 weeks of age),1,131.0,141.5 
 
 
193,16    131.0    141.5    -1.0    -1.0    1,0  product quality/product quality 
Trimmed whole-sale product / carcass weight,backfat (22 weeks of age),1,131.0,141.5 
194,16    131.0    141.5    -1.0    -1.0    1,0  product quality/product quality 
Trimmed whole-sale product / carcass weight,backfat (40 kg live weight),1,131.0,141.5 
195,16    131.0    141.5    -1.0    -1.0    1,0  product quality/product quality 
Trimmed whole-sale product / carcass weight,backfat (60 kg live weight),1,131.0,141.5 
196,16    131.0    141.5    -1.0    -1.0    1,0  product quality/product quality 
average daily gain (3-10 weeks),drip loss,1,132.0,141.5 
170,80    132.0    141.5    -1.0    -1.0    1,0       development/product quality 
average daily gain (3-10 weeks),Trimmed whole-sale product / live weight,1,132.0,141.5 
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170,13    132.0    141.5    -1.0    -1.0    1,0       development/product quality 
average daily gain (3-10 weeks),Trimmed whole-sale product / carcass weight,1,132.0,141.5 
170,16    132.0    141.5    -1.0    -1.0    1,0        development/product quality 
body weight at 3 weeks of age,drip loss,1,138.0,140.5 
167,80    138.0    140.5    3567.1    3605.5    1,0  development/product quality 
body weight at 3 weeks of age,Trimmed whole-sale product / live weight,1,138.0,140.5 
167,13    138.0    140.5    3567.1    3605.5    1,0  development/product quality 
body weight at 3 weeks of age,Trimmed whole-sale product / carcass weight,1,138.0,140.5 
167,16    138.0    140.5    3567.1    3605.5    1,0  development/product quality 
body weight at 13 weeks of age,drip loss,1,118.5,153.0 
168,80    130.0    140.5    3444.0    3605.5    1,0  development/product quality 
body weight at 13 weeks of age,Trimmed whole-sale product / live weight,1,124.0,144.0 
168,13    130.0    140.5    3444.0    3605.5    1,0  development/product quality 
body weight at 17 weeks of age,drip loss,1,118.5,153.0 
169,80    134.0    146.0    -1.0    -1.0    1,0  development/product quality 
body weight at 17 weeks of age,Trimmed whole-sale product / live weight,1,124.0,144.0 
169,13    134.0    144.0    -1.0    -1.0    1,0  development/product quality 
body weight at 17 weeks of age,Trimmed whole-sale product / carcass weight,1,118.5,144.0 
169,16    134.0    144.0    -1.0    -1.0    1,0  development/product quality 
 
========================================================================= 
 
Chr 2 
 
backfat (40 kg live weight),backfat (13 weeks of age),2,0.0,24.0 
197,198    0.0    24.0    50.3    491.8    1,1  product quality/product quality 
backfat (60 kg live weight),backfat (13 weeks of age),2,0.0,24.0 
197,199    0.0    24.0    50.3    491.8    1,1  product quality/product quality 
backfat (60 kg live weight),backfat (40 kg live weight),2,0.0,24.0 
198,199    0.0    24.0    50.3    491.8    1,1  product quality/product quality 
conductivity 24 hours post mortem,backfat (13 weeks of age),2,0.0,9.8 
197,921    0.0    9.8    50.3    257.0    1,1  product quality/product quality 
conductivity 24 hours post mortem,backfat (40 kg live weight),2,0.0,9.8 
198,921    0.0    9.8    50.3    257.0    1,1  product quality/product quality 
conductivity 24 hours post mortem,backfat (60 kg live weight),2,0.0,9.8 
199,921    0.0    9.8    50.3    257.0    1,1  product quality/product quality 
Lean mass (weight),backfat (13 weeks of age),2,0.0,9.8 
197,625    0.0    9.8    50.3    257.0    1,1  product quality/product quality 
Lean mass (weight),backfat (40 kg live weight),2,0.0,9.8 
198,625    0.0    9.8    50.3    257.0    1,1  product quality/product quality 
Lean mass (weight),backfat (60 kg live weight),2,0.0,9.8 
199,625    0.0    9.8    50.3    257.0    1,1  product quality/product quality 
Lean mass (weight),conductivity 24 hours post mortem,2,0.0,9.8 
921,625    0.0    9.8    50.3    257.0    1,1  product quality/product quality 
Backfat percentage,backfat (13 weeks of age),2,0.0,23.7 
197,622    0.0    23.7    50.3    486.3    1,1  product quality/product quality 
Backfat percentage,backfat (40 kg live weight),2,0.0,23.7 
198,622    0.0    23.7    50.3    486.3    1,1  product quality/product quality 
Backfat percentage,backfat (60 kg live weight),2,0.0,23.7 
199,622    0.0    23.7    50.3    486.3    1,1  product quality/product quality 
Backfat percentage,conductivity 24 hours post mortem,2,0.0,9.8 
622,921    0.0    9.8    50.3    257.0    1,1  product quality/product quality 
Backfat percentage,Lean mass (weight),2,0.0,9.8 
622,625    0.0    9.8    50.3    257.0    1,1  product quality/product quality 
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Heart weight,backfat (13 weeks of age),2,0.0,9.8 
197,629    0.0    9.8    50.3    257.0    1,1  product quality/product quality 
Heart weight,backfat (40 kg live weight),2,0.0,9.8 
198,629    0.0    9.8    50.3    257.0    1,1  product quality/product quality 
Heart weight,backfat (60 kg live weight),2,0.0,9.8 
199,629    0.0    9.8    50.3    257.0    1,1  product quality/product quality 
Heart weight,conductivity 24 hours post mortem,2,0.0,9.8 
921,629    0.0    9.8    50.3    257.0    1,1  product quality/product quality 
Heart weight,Backfat percentage,2,0.0,9.8 
622,629    0.0    9.8    50.3    257.0    1,1  product quality/product quality 
 
Number of nipples,pH 24 hours post mortem (loin),2,31.2,57.4 
909,902    31.2    57.4    430.4    222.9    1,1  reproduction/product quality 
 
Average Daily Gain on test,drip loss,2,89.2,91.0 
47,85    89.2    91.0    1035.7    1057.2    1,0    development/product quality 
average daily gain (3-10 weeks),tenderness score,2,128.2,132.1 
171,90    128.2    132.1    1461.3    1547.2    0,1 development/product quality 
 
Loin and neck meat weight,backfat (13 weeks of age),2,5.0,15.0 
197,810    5.0    15.0    206.5    435.7    0,1  product quality/product quality  
Loin and neck meat weight,backfat (40 kg live weight),2,5.0,15.0 
198,810    5.0    15.0    206.5    435.7    0,1  product quality/product quality  
Loin and neck meat weight,backfat (60 kg live weight),2,5.0,15.0 
199,810    5.0    15.0    206.5    435.7    0,1  product quality/product quality 
Loin and neck meat weight,conductivity 24 hours post mortem,2,5.0,9.8 
921,810    5.0    9.8    194.9    292.4    0,1  product quality/product quality 
Loin and neck meat weight,Backfat percentage,2,5.0,15.0 
622,810    5.0    15.0    206.5    435.7    0,1  product quality/product quality 
 
Ham weight,backfat (13 weeks of age),2,9.8,24.0 
197,914    9.8    24.0    180.8    456.2    0,0  product quality/product quality 
Ham weight,backfat (40 kg live weight),2,9.8,25.0 
198,914    9.8    25.0    180.8    475.6    0,0  product quality/product quality 
Ham weight,backfat (60 kg live weight),2,9.8,24.0 
199,914    9.8    24.0    180.8    456.2    0,0  product quality/product quality 
Ham weight,Backfat percentage,2,9.8,23.7 
622,914    9.8    23.7    180.8    450.4    0,0  product quality/product quality 
 
average daily gain (3-10 weeks),drip loss,2,121.0,128.2 
171,85    121.0    128.2    1420.9    1502.8    0,0   development/product quality   
 
 
Chr. 3 
 
fat androstenone level at 120 days of age,pH 45 minutes post mortem,3,58.4,73.0 
596,895    58.4    73.0    571.0    950.9    1,1  product quality/product quality 
fat androstenone level at 140 days of age,pH 45 minutes post mortem,3,58.4,73.0 
597,895    58.4    73.0    571.0    950.9    1,1  product quality/product quality 
fat androstenone level at 140 days of age,fat androstenone level at 120 days of age,3,46.0,73.0 
596,597    46.0    73.0    415.2    1063.7    1,1  product quality/product quality 
 
average daily gain (10-22 weeks),pH 45 minutes post mortem,3,58.4,77.0 
173,895    58.4    77.0    571.0    1055.0    1,1  development/product quality 
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average daily gain (10-22 weeks),fat androstenone level at 120 days of age,3,46.0,73.0 
173,596    46.0    73.0    415.2    1063.7    1,1  development/product quality 
average daily gain (10-22 weeks),fat androstenone level at 140 days of age,3,46.0,73.0 
173,597    46.0    73.0    415.2    1063.7    1,1  development/product quality 
 
body weight at 22 weeks of age,pH 45 minutes post mortem,3,58.4,66.0 
172,895    58.4    66.0    571.0    807.3    0,1  development/product quality 
 
body weight at 22 weeks of age,fat androstenone level at 120 days of age,3,46.0,66.0 
172,596    46.0    66.0    415.2    968.1    0,0  development/product quality 
body weight at 22 weeks of age,fat androstenone level at 140 days of age,3,46.0,66.0 
172,597    46.0    66.0    415.2    968.1    0,0  development/product quality 
 
body weight at 22 weeks of age,average daily gain (10-22 weeks),3,45.0,66.0 
173,172    45.0    66.0    186.0    829.1    0,0  development/development 
 
 
Chr. 4 
 
backfat (60 kg live weight),backfat (40 kg live weight),4,41.8,79.3 
200,201    41.8    79.3    724.8    1574.6    1,1 product quality/product quality 
Percentage of backfat and leaf fat in carcass,backfat (40 kg live weight),4,47.8,79.3 
200,459    47.8    79.3    1088.8    1704.5    1,1 product quality/product quality 
Percentage of backfat and leaf fat in carcass,backfat (60 kg live weight),4,47.8,79.3 
201,459    47.8    79.3    1088.8    1704.5    1,1 product quality/product quality 
subcutaneous fat depth,backfat (40 kg live weight),4,55.9,79.3 
200,632    55.9    79.3    1450.9    1835.0    1,1 product quality/product quality 
subcutaneous fat depth,backfat (60 kg live weight),4,55.9,79.3 
201,632    55.9    79.3    1450.9    1835.0    1,1 product quality/product quality 
subcutaneous fat depth,Percentage of backfat and leaf fat in carcass,4,55.9,79.3 
459,632    55.9    79.3    1450.9    1835.0    1,1 product quality/product quality 
Lean mass (weight),conductivity 24 hours post mortem,4,75.0,81.0 
961,813    75.0    81.0    1336.5    1481.0    1,1 product quality/product quality 
carcass length,backfat (40 kg live weight),4,41.8,79.3 
200,637    55.9    79.3    1450.9    1835.0    1,1 product quality/product quality 
carcass length,backfat (60 kg live weight),4,41.8,79.3 
201,637    55.9    79.3    1450.9    1835.0    1,1 product quality/product quality 
201,10    51.2    71.2    238.2    963.5    1,1 product quality/product quality 
lean percentage,conductivity 24 hours post mortem,4,74.4,81.0 
961,949    74.4    81.0    1322.1    1481.0    1,1 product quality/product quality 
lean percentage,Lean mass (weight),4,75.0,81.0 
813,949    75.0    81.0    1336.5    1481.0    1,1 product quality/product quality 
fat androstenone level at 120 days of age,backfat (40 kg live weight),4,41.8,79.3 
200,598    41.8    79.3    724.8    1574.6    1,1 product quality/product quality 
fat androstenone level at 120 days of age,backfat (60 kg live weight),4,41.8,79.3 
201,598    41.8    79.3    724.8    1574.6    1,1 product quality/product quality 
fat androstenone level at 120 days of age,Percentage of backfat and leaf fat in carcass,4,47.8,79.3 
598,459    47.8    79.3    1088.8    1704.5    1,1 product quality/product quality 
fat androstenone level at 120 days of age,subcutaneous fat depth,4,55.9,79.3 
598,632    55.9    79.3    1450.9    1835.0    1,1 product quality/product quality 
200,599    41.8    79.3    724.8    1574.6    1,1 product quality/product quality 
fat androstenone level at 140 days of age,backfat (60 kg live weight),4,41.8,79.3 
201,599    41.8    79.3    724.8    1574.6    1,1 product quality/product quality 
fat androstenone level at 140 days of age,Percentage of backfat and leaf fat in carcass,4,47.8,79.3
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599,459    47.8    79.3    1088.8    1704.5    1,1 product quality/product quality 
fat androstenone level at 140 days of age,subcutaneous fat depth,4,55.9,79.3 
599,632    55.9    79.3    1450.9    1835.0    1,1 product quality/product quality 
fat androstenone level at 140 days of age,fat androstenone level at 120 days of age,4,41.8,79.3 
598,599    41.8    79.3    724.8    1574.6    1,1 product quality/product quality 
fat androstenone level at 160 days of age,backfat (40 kg live weight),4,41.8,79.3 
200,600    41.8    79.3    724.8    1574.6    1,1 product quality/product quality 
fat androstenone level at 160 days of age,backfat (60 kg live weight),4,41.8,79.3 
201,600    41.8    79.3    724.8    1574.6    1,1 product quality/product quality 
fat androstenone level at 160 days of age,Percentage of backfat and leaf fat in carcass,4,47.8,79.3 
600,459    47.8    79.3    1088.8    1704.5    1,1 product quality/product quality 
fat androstenone level at 160 days of age,subcutaneous fat depth,4,55.9,79.3 
600,632    55.9    79.3    1450.9    1835.0    1,1 product quality/product quality 
fat androstenone level at 160 days of age,fat androstenone level at 120 days of age,4,41.8,79.3 
598,600    41.8    79.3    724.8    1574.6    1,1 product quality/product quality 
fat androstenone level at 160 days of age,fat androstenone level at 140 days of age,4,41.8,79.3 
599,600    41.8    79.3    724.8    1574.6    1,1 product quality/product quality 
carcass length,backfat (40 kg live weight),4,41.8,79.3 
200,10    51.2    71.2    238.2    963.5    1,1 product quality/product quality 
 
 
average daily gain weaning to 25 kg,backfat (40 kg live weight),4,41.8,79.3 
443,200    41.8    79.3    724.8    1574.6    1,1 development/product quality 
average daily gain weaning to 25 kg,backfat (60 kg live weight),4,41.8,79.3 
443,201    41.8    79.3    724.8    1574.6    1,1 development/product quality 
average daily gain weaning to 25 kg,Percentage of backfat and leaf fat in carcass,4,47.8,79.3 
443,459    47.8    79.3    1088.8    1704.5    1,1 development/product quality 
average daily gain weaning to 25 kg,subcutaneous fat depth,4,55.9,79.3 
443,632    55.9    79.3    1450.9    1835.0    1,1 development/product quality 
average daily gain weaning to 25 kg,carcass length,4,55.9,79.3 
443,637    55.9    79.3    1450.9    1835.0    1,1 development/product quality 
443,10    51.2    71.2    238.2    963.5    1,1  development/product quality 
average daily gain weaning to 25 kg,fat androstenone level at 120 days of age,4,41.8,79.3 
443,598    41.8    79.3    724.8    1574.6    1,1 development/product quality 
average daily gain weaning to 25 kg,fat androstenone level at 140 days of age,4,41.8,79.3 
443,599    41.8    79.3    724.8    1574.6    1,1 development/product quality 
average daily gain weaning to 25 kg,fat androstenone level at 160 days of age,4,41.8,79.3 
443,600    41.8    79.3    724.8    1574.6    1,1 development/product quality 
average daily gain birth to end of test,backfat (40 kg live weight),4,41.8,79.3 
370,200    41.8    79.3    724.8    1574.6    1,1 development/product quality 
average daily gain birth to end of test,backfat (60 kg live weight),4,41.8,79.3 
370,201    41.8    79.3    724.8    1574.6    1,1 development/product quality 
average daily gain birth to end of test,Percentage of backfat and leaf fat in carcass,4,47.8,79.3 
370,459    47.8    79.3    1088.8    1704.5    1,1 development/product quality 
average daily gain birth to end of test,subcutaneous fat depth,4,55.9,79.3 
370,632    55.9    79.3    1450.9    1835.0    1,1 development/product quality 
average daily gain birth to end of test,intensity taste,4,27.1,55.9 
442,161    27.1    55.9    446.6    814.5    1,1  development/product quality 
average daily gain birth to end of test,carcass length,4,79.3,105.8 
370,637    55.9    79.3    1450.9    1835.0    1,1 development/product quality 
370,958    72.0    76.2    1164.1    1297.0    1,1 development/product quality 
Average Daily Gain on test,backfat (40 kg live weight),4,41.8,74.4 
444,200    41.8    74.4    724.8    1480.2    1,1 development/product quality 
 127 
Average Daily Gain on test,backfat (60 kg live weight),4,41.8,74.4 
444,201    41.8    74.4    724.8    1480.2    1,1 development/product quality 
Average Daily Gain on test,Percentage of backfat and leaf fat in carcass,4,47.8,74.4 
444,459    47.8    74.4    1088.8    1602.0    1,1 development/product quality 
Average Daily Gain on test,subcutaneous fat depth,4,55.9,74.4 
444,632    55.9    74.4    1450.9    1731.5    1,1 development/product quality 
Average Daily Gain on test,carcass length,4,80.5,107.9 
49,460    80.5    107.9    1671.9    2208.3    1,1 development/product quality 
444,637    55.9    74.4    1450.9    1731.5    1,1 development/product quality 
444,10    51.2    71.2    238.2    963.5    1,1  development/product quality 
Average Daily Gain on test,fat androstenone level at 120 days of age,4,41.8,74.4 
444,598    41.8    74.4    724.8    1480.2    1,1 development/product quality 
Average Daily Gain on test,fat androstenone level at 140 days of age,4,41.8,74.4 
444,599    41.8    74.4    724.8    1480.2    1,1 development/product quality 
Average Daily Gain on test,fat androstenone level at 160 days of age,4,41.8,74.4 
444,600    41.8    74.4    724.8    1480.2    1,1 development/product quality 
Average Daily Gain on test,heptadecanoic acid percentage,4,80.5,105.8 
49,158    80.5    105.8    1671.9    2167.2    1,1 development/product quality 
average daily gain (3-10 weeks),backfat (40 kg live weight),4,57.0,79.3 
179,200    57.0    79.3    1469.0    1835.0    1,1 development/product quality 
average daily gain (3-10 weeks),backfat (60 kg live weight),4,57.0,79.3 
179,201    57.0    79.3    1469.0    1835.0    1,1 development/product quality 
average daily gain (3-10 weeks),subcutaneous fat depth,4,57.0,79.3 
179,632    57.0    79.3    1469.0    1835.0    1,1 development/product quality 
average daily gain (3-10 weeks),carcass length,4,79.3,98.0 
179,637    57.0    79.3    1469.0    1835.0    1,1 development/product quality 
179,10    57.0    71.2    1467.8    1686.2    1,1 development/product quality 
average daily gain (3-10 weeks),fat androstenone level at 120 days of age,4,57.0,79.3 
179,598    57.0    79.3    1469.0    1835.0    1,1 development/product quality 
average daily gain (3-10 weeks),fat androstenone level at 140 days of age,4,57.0,79.3 
179,599    57.0    79.3    1469.0    1835.0    1,1 development/product quality 
average daily gain (3-10 weeks),fat androstenone level at 160 days of age,4,57.0,79.3 
179,600    57.0    79.3    1469.0    1835.0    1,1 development/product quality 
average daily gain (3-10 weeks),average daily gain weaning to 25 kg,4,57.0,79.3 
179,443    57.0    79.3    1469.0    1835.0    1,1 development/product quality 
average daily gain (10-22 weeks),backfat (40 kg live weight),4,58.0,79.3 
180,200    58.0    79.3    1485.4    1835.0    1,1 development/product quality 
average daily gain (10-22 weeks),subcutaneous fat depth,4,58.0,79.3 
180,632    58.0    79.3    1485.4    1835.0    1,1 development/product quality 
average daily gain (10-22 weeks),carcass length,4,79.3,86.0 
180,637    58.0    79.3    1485.4    1835.0    1,1 development/product quality 
180,10    58.0    71.2    1483.2    1686.2    1,1 development/product quality 
average daily gain (10-22 weeks),fat androstenone level at 120 days of age,4,58.0,79.3 
180,598    58.0    79.3    1485.4    1835.0    1,1 development/product quality 
average daily gain (10-22 weeks),fat androstenone level at 140 days of age,4,58.0,79.3 
180,599    58.0    79.3    1485.4    1835.0    1,1 development/product quality 
average daily gain (10-22 weeks),fat androstenone level at 160 days of age,4,58.0,79.3 
180,600    58.0    79.3    1485.4    1835.0    1,1 development/product quality 
body weight at 3 weeks of age,backfat (40 kg live weight),4,54.0,79.3 
200,175    54.0    79.3    341.4    1163.9    1,1 development/product quality 
body weight at 3 weeks of age,backfat (60 kg live weight),4,54.0,79.3 
201,175    54.0    79.3    341.4    1163.9    1,1 development/product quality 
body weight at 13 weeks of age,backfat (40 kg live weight),4,57.0,79.0 
200,176    57.0    79.0    1469.0    1830.1    1,1 development/product quality 
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body weight at 13 weeks of age,backfat (60 kg live weight),4,57.0,79.0 
201,176    57.0    79.0    1469.0    1830.1    1,1 development/product quality 
body weight at 13 weeks of age,subcutaneous fat depth,4,57.0,79.0 
176,632    57.0    79.0    1469.0    1830.1    1,1 development/product quality 
body weight at 13 weeks of age,carcass length,4,57.0,79.0 
176,10    57.0    71.2    1467.8    1686.2    1,1 development/product quality 
body weight at 13 weeks of age,fat androstenone level at 120 days of age,4,57.0,79.0 
176,598    57.0    79.0    1469.0    1830.1    1,1 development/product quality 
body weight at 13 weeks of age,fat androstenone level at 140 days of age,4,57.0,79.0 
176,599    57.0    79.0    1469.0    1830.1    1,1 development/product quality 
body weight at 13 weeks of age,fat androstenone level at 160 days of age,4,57.0,79.0 
176,600    57.0    79.0    1469.0    1830.1    1,1 development/product quality 
body weight at 17 weeks of age,backfat (40 kg live weight),4,61.0,79.3 
200,177    61.0    79.3    1534.6    1835.0    1,1 development/product quality 
body weight at 17 weeks of age,backfat (60 kg live weight),4,61.0,79.3 
201,177    61.0    79.3    1534.6    1835.0    1,1 development/product quality 
body weight at 17 weeks of age,subcutaneous fat depth,4,61.0,79.3 
177,632    61.0    79.3    1534.6    1835.0    1,1 development/product quality 
body weight at 17 weeks of age,carcass length,4,79.3,83.0 
177,637    61.0    79.3    1534.6    1835.0    1,1 development/product quality 
177,10    61.0    71.2    1529.3    1686.2    1,1 development/product quality 
body weight at 17 weeks of age,fat androstenone level at 120 days of age,4,61.0,79.3 
177,598    61.0    79.3    1534.6    1835.0    1,1 development/product quality 
body weight at 17 weeks of age,fat androstenone level at 140 days of age,4,61.0,79.3 
177,599    61.0    79.3    1534.6    1835.0    1,1 development/product quality 
body weight at 17 weeks of age,fat androstenone level at 160 days of age,4,61.0,79.3 
177,600    61.0    79.3    1534.6    1835.0    1,1 development/product quality 
body weight at 22 weeks of age,subcutaneous fat depth,4,59.0,79.3 
178,632    59.0    79.3    1501.8    1835.0    1,1 development/product quality 
body weight at 22 weeks of age,backfat (40 kg live weight),4,59.0,79.3 
200,178    59.0    79.3    1501.8    1835.0    1,1 development/product quality 
body weight at 22 weeks of age,backfat (60 kg live weight),4,59.0,79.3 
201,178    59.0    79.3    1501.8    1835.0    1,1 development/product quality 
body weight at 22 weeks of age,carcass length,4,79.3,84.0 
178,10    59.0    71.2    1498.6    1686.2    1,1 development/product quality 
body weight at 22 weeks of age,fat androstenone level at 120 days of age,4,59.0,79.3 
178,598    59.0    79.3    1501.8    1835.0    1,1 development/product quality 
body weight at 22 weeks of age,fat androstenone level at 140 days of age,4,59.0,79.3 
178,599    59.0    79.3    1501.8    1835.0    1,1 development/product quality 
body weight at 22 weeks of age,fat androstenone level at 160 days of age,4,59.0,79.3 
178,600    59.0    79.3    1501.8    1835.0    1,1 development/product quality 
average daily gain birth to end of test,fat androstenone level at 120 days of age,4,41.8,79.3 
370,598    41.8    79.3    724.8    1574.6    1,1 development/product quality 
average daily gain birth to end of test,fat androstenone level at 160 days of age,4,41.8,79.3 
370,600    41.8    79.3    724.8    1574.6    1,1 development/product quality 
body weight at 13 weeks of age,carcass length,4,57.0,79.0 
176,637    57.0    79.0    1469.0    1830.1    1,1 development/product quality 
body weight at 22 weeks of age,carcass length,4,79.3,84.0 
178,637    59.0    79.3    1501.8    1835.0    1,1 development/product quality 
 
 
average daily gain birth to end of test,average daily gain weaning to 25 kg,4,27.1,79.3 
370,443    27.1    79.3    446.6    1599.0    1,1 development/development 
Average Daily Gain on test,average daily gain weaning to 25 kg,4,41.8,74.4 
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444,443    41.8    74.4    724.8    1480.2    1,1 development/development  
Average Daily Gain on test,average daily gain birth to end of test,4,80.5,105.8 
370,444    41.8    74.4    724.8    1480.2    1,1 development/development 
average daily gain (3-10 weeks),average daily gain birth to end of test,4,57.0,98.0 
179,370    57.0    98.0    1468.3    2117.7    1,1 development/development  
average daily gain (3-10 weeks),Average Daily Gain on test,4,57.0,74.4 
179,444    57.0    74.4    1467.6    1731.5    1,1 development/development 
average daily gain (10-22 weeks),average daily gain weaning to 25 kg,4,58.0,79.3 
180,443    58.0    79.3    1485.4    1835.0    1,1 development/development 
average daily gain (10-22 weeks),average daily gain birth to end of test,4,58.0,86.0 
180,370    58.0    86.0    1484.2    1927.6    1,1 development/development 
average daily gain (10-22 weeks),Average Daily Gain on test,4,80.5,86.0 
180,444    58.0    74.4    1482.7    1731.5    1,1 development/development 
average daily gain (10-22 weeks),average daily gain (3-10 weeks),4,58.0,86.0 
180,179    58.0    86.0    1484.2    1927.6    1,1 development/development 
443,175    54.0    79.3    341.4    1163.9    1,1 development/development  
body weight at 3 weeks of age,average daily gain birth to end of test,4,54.0,99.0 
370,175    54.0    99.0    340.6    1732.2    1,1 development/development 
body weight at 3 weeks of age,Average Daily Gain on test,4,80.5,99.0 
444,175    54.0    74.4    343.1    1077.4    1,1 development/development 
body weight at 3 weeks of age,average daily gain (3-10 weeks),4,57.0,98.0 
179,175    57.0    98.0    1468.3    2117.7    1,1 development/development 
body weight at 3 weeks of age,average daily gain (10-22 weeks),4,58.0,86.0 
180,175    58.0    86.0    1484.2    1927.6    1,1 development/development  
body weight at 13 weeks of age,average daily gain weaning to 25 kg,4,57.0,79.0 
443,176    57.0    79.0    1469.0    1830.1    1,1 development/development 
body weight at 13 weeks of age,average daily gain birth to end of test,4,57.0,79.0 
370,176    57.0    79.0    1469.0    1830.1    1,1 development/development 
body weight at 13 weeks of age,Average Daily Gain on test,4,57.0,74.4 
444,176    57.0    74.4    1467.6    1731.5    1,1 development/development 
body weight at 13 weeks of age,average daily gain (3-10 weeks),4,57.0,79.0 
179,176    57.0    79.0    1469.0    1830.1    1,1 development/development 
body weight at 13 weeks of age,average daily gain (10-22 weeks),4,58.0,79.0 
180,176    58.0    79.0    1485.4    1830.1    1,1 development/development 
body weight at 13 weeks of age,body weight at 3 weeks of age,4,57.0,79.0 
176,175    57.0    79.0    1469.0    1830.1    1,1 development/development 
body weight at 17 weeks of age,average daily gain weaning to 25 kg,4,61.0,79.3 
443,177    61.0    79.3    1534.6    1835.0    1,1 development/development 
body weight at 17 weeks of age,average daily gain birth to end of test,4,61.0,83.0 
370,177    61.0    83.0    1531.7    1880.1    1,1 development/development 
body weight at 17 weeks of age,Average Daily Gain on test,4,80.5,83.0 
444,177    61.0    74.4    1528.2    1731.5    1,1 development/development 
body weight at 17 weeks of age,Average Daily Gain on test,4,61.0,74.4 
444,177    61.0    74.4    1528.2    1731.5    1,1 development/development 
body weight at 17 weeks of age,average daily gain (3-10 weeks),4,61.0,83.0 
179,177    61.0    83.0    1531.7    1880.1    1,1 development/development 
body weight at 17 weeks of age,average daily gain (10-22 weeks),4,61.0,83.0 
180,177    61.0    83.0    1531.7    1880.1    1,1 development/development 
body weight at 17 weeks of age,body weight at 3 weeks of age,4,61.0,83.0 
177,175    61.0    83.0    1531.7    1880.1    1,1 development/development 
body weight at 17 weeks of age,body weight at 13 weeks of age,4,61.0,79.0 
176,177    61.0    79.0    1534.6    1830.1    1,1 development/development body weight at 22 weeks 
of age,average daily gain weaning to 25 kg,4,59.0,79.3 
443,178    59.0    79.3    1501.8    1835.0    1,1 development/development 
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body weight at 22 weeks of age,average daily gain birth to end of test,4,59.0,84.  
370,178    59.0    84.0    1500.0    1895.9    1,1 development/development 
body weight at 22 weeks of age,Average Daily Gain on test,4,80.5,84.0 
444,178    59.0    74.4    1497.9    1731.5    1,1 development/development 
body weight at 22 weeks of age,average daily gain (3-10 weeks),4,59.0,84.0 
179,178    59.0    84.0    1500.0    1895.9    1,1 development/development 
body weight at 22 weeks of age,average daily gain (10-22 weeks),4,59.0,84.0  
180,178    59.0    84.0    1500.0    1895.9    1,1 development/development 
body weight at 22 weeks of age,body weight at 3 weeks of age,4,59.0,84.0 
178,175    59.0    84.0    1500.0    1895.9    1,1 development/development 
body weight at 22 weeks of age,body weight at 13 weeks of age,4,59.0,79.0 
176,178    59.0    79.0    1501.8    1830.1    1,1 development/development 
body weight at 22 weeks of age,body weight at 17 weeks of age,4,61.0,83.0 
177,178    61.0    83.0    1531.7    1880.1    1,1 development/development 
body weight at 3 weeks of age,average daily gain weaning to 25 kg,4,54.0,79.3 
443,175    54.0    79.3    341.4    1163.9    1,1 development/development 
 
 
 
feed conversion ratio,subcutaneous fat depth,4,72.0,76.2 
963,632    72.0    76.2    1164.1    1297.0    1,1 production/product quality 
feed conversion ratio,conductivity 24 hours post mortem,4,74.4,76.2 
961,963    74.4    76.2    1322.1    1374.7    1,1 production/product quality 
feed conversion ratio,lean percentage,4,74.4,76.2 
963,949    74.4    76.2    1322.1    1374.7    1,1 production/product quality 
 
 
feed conversion ratio,average daily gain birth to end of test,4,72.0,76.2 
370,963    72.0    76.2    1164.1    1297.0    1,1 production/development 
 
 
961,491    74.4    80.5    1322.1    1469.0    1,1 reproduction/product quality 
ovulation rate,Lean mass (weight),4,75.0,80.5 
813,491    75.0    80.5    1336.5    1469.0    1,1 reproduction/product quality 
ovulation rate,lean percentage,4,74.4,80.5 
949,491    74.4    80.5    1322.1    1469.0    1,1 reproduction/product quality 
 
conductivity 24 hours post mortem,backfat (40 kg live weight),4,74.4,79.3 
200,961    74.4    79.3    1322.1    1448.0    0,1 product quality/product quality 
conductivity 24 hours post mortem,backfat (60 kg live weight),4,74.4,79.3 
201,961    74.4    79.3    1322.1    1448.0    0,1 product quality/product quality 
intensity taste,Percentage of backfat and leaf fat in carcass,4,47.8,55.9 
161,459    47.8    55.9    1088.8    1051.9    0,1 product quality/product quality 
Lean mass (weight),backfat (40 kg live weight),4,75.0,79.3 
200,813    75.0    79.3    1337.5    1448.0    0,1 product quality/product quality 
Lean mass (weight),backfat (60 kg live weight),4,75.0,79.3 
201,813    75.0    79.3    1337.5    1448.0    0,1 product quality/product quality 
Lean mass (weight),Percentage of backfat and leaf fat in carcass,4,75.0,79.3 
813,459    75.0    79.3    1337.5    1448.0    1,0 product quality/product quality 
Lean mass (weight),subcutaneous fat depth,4,75.0,79.3 
813,632    75.0    79.3    1337.5    1448.0    1,0 product quality/product quality 
carcass length,backfat (40 kg live weight),4,41.8,79.3 
200,958    72.0    76.2    1164.1    1297.0    0,1 product quality/product quality 
carcass length,backfat (60 kg live weight),4,41.8,79.3 
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201,958    72.0    76.2    1164.1    1297.0    0,1 product quality/product quality 
lean percentage,backfat (40 kg live weight),4,74.4,79.3 
200,949    74.4    79.3    1322.1    1448.0    0,1 product quality/product quality 
lean percentage,backfat (60 kg live weight),4,74.4,79.3 
201,949    74.4    79.3    1322.1    1448.0    0,1 product quality/product quality 
lean percentage,Percentage of backfat and leaf fat in carcass,4,74.4,79.3 
949,459    74.4    79.3    1322.1    1448.0    1,0 product quality/product quality 
lean percentage,subcutaneous fat depth,4,74.4,79.3 
949,632    74.4    79.3    1322.1    1448.0    1,0 product quality/product quality 
fat androstenone level at 120 days of age,conductivity 24 hours post mortem,4,74.4,79.3 
961,598    74.4    79.3    1322.1    1448.0    1,0 product quality/product quality 
fat androstenone level at 120 days of age,Lean mass (weight),4,75.0,79.3 
598,813    75.0    79.3    1337.5    1448.0    0,1 product quality/product quality  
fat androstenone level at 120 days of age,lean percentage,4,74.4,79.3 
598,949    74.4    79.3    1322.1    1448.0    0,1 product quality/product quality 
fat androstenone level at 140 days of age,backfat (40 kg live weight),4,41.8,79.3 
961,599    74.4    79.3    1322.1    1448.0    1,0 product quality/product quality 
fat androstenone level at 140 days of age,Lean mass (weight),4,75.0,79.3 
599,813    75.0    79.3    1337.5    1448.0    0,1 product quality/product quality 
fat androstenone level at 140 days of age,lean percentage,4,74.4,79.3 
599,949    74.4    79.3    1322.1    1448.0    0,1 product quality/product quality 
fat androstenone level at 160 days of age,conductivity 24 hours post mortem,4,74.4,79.3 
961,600    74.4    79.3    1322.1    1448.0    1,0 product quality/product quality 
fat androstenone level at 160 days of age,Lean mass (weight),4,75.0,79.3 
600,813    75.0    79.3    1337.5    1448.0    0,1 product quality/product quality 
fat androstenone level at 160 days of age,lean percentage,4,74.4,79.3 
600,949    74.4    79.3    1322.1    1448.0    0,1 product quality/product quality 
heptadecanoic acid percentage,conductivity 24 hours post mortem,4,74.4,81.0 
961,158    74.4    81.0    1322.1    1481.0    1,0 product quality/product quality 
heptadecanoic acid percentage,Lean mass (weight),4,75.0,85.0 
158,813    75.0    85.0    1336.5    1577.3    0,1 product quality/product quality 
heptadecanoic acid percentage,lean percentage,4,74.4,81.0 
158,949    74.4    81.0    1322.1    1481.0    0,1 product quality/product quality 
conductivity 24 hours post mortem,Percentage of backfat and leaf fat in carcass,4,74.4,79.3 
961,459    74.4    79.3    1322.1    1448.0    1,0 product quality/product quality 
conductivity 24 hours post mortem,subcutaneous fat depth,4,74.4,79.3 
961,632    74.4    79.3    1322.1    1448.0    1,0 product quality/product quality 
 
 
 
average daily gain weaning to 25 kg,carcass length,4,55.9,79.3 
443,958    72.0    76.2    1164.1    1297.0    0,1 development/product quality 
average daily gain weaning to 25 kg,conductivity 24 hours post mortem,4,74.4,79.3 
443,961    74.4    79.3    1322.1    1448.0    0,1 development/product quality 
average daily gain weaning to 25 kg,intensity taste,4,27.1,55.9 
443,161    27.1    55.9    446.6    814.5        0,1 development/product quality 
average daily gain weaning to 25 kg,Lean mass (weight),4,75.0,79.3 
443,813    75.0    79.3    1337.5    1448.0    0,1 development/product quality 
average daily gain weaning to 25 kg,lean percentage,4,74.4,79.3 
443,949    74.4    79.3    1322.1    1448.0    0,1 development/product quality 
average daily gain birth to end of test,backfat (40 kg live weight),4,41.8,79.3 
442,200    41.8    66.1    724.8    1259.8      1,0 development/product quality 
average daily gain birth to end of test,backfat (60 kg live weight),4,41.8,79.3 
442,201    41.8    66.1    724.8    1259.8    1,0 development/product quality 
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average daily gain birth to end of test,Percentage of backfat and leaf fat in carcass,4,47.8,79.3 
442,459    47.8    66.1    1088.8    1414.5    0,1 development/product quality 
average daily gain birth to end of test,conductivity 24 hours post mortem,4,74.4,81.0 
370,961    74.4    81.0    1322.1    1481.0    0,1 development/product quality 
average daily gain birth to end of test,intensity taste,4,27.1,55.9 
370,161    27.1    55.9    446.6    814.5    0,1 development/product quality 
average daily gain birth to end of test,Lean mass (weight),4,75.0,85.0 
370,813    75.0    85.0    1336.5    1577.3    0,1 development/product quality 
average daily gain birth to end of test,carcass length,4,79.3,105.8 
370,460    79.3    105.8    1507.5    2106.9    0,1 development/product quality 
370,10    51.2    71.2    238.2    963.5    0,1 development/product quality 
442,10    51.2    66.1    236.4    765.2    0,1 development/product quality 
average daily gain birth to end of test,lean percentage,4,74.4,81.0 
370,949    74.4    81.0    1322.1    1481.0    0,1 development/product quality 
average daily gain birth to end of test,fat androstenone level at 120 days of age,4,41.8,79.3 
442,598    41.8    66.1    724.8    1259.8    1,0 development/product quality 
average daily gain birth to end of test,fat androstenone level at 160 days of age,4,41.8,79.3 
442,600    41.8    66.1    724.8    1259.8    1,0 development/product quality 
average daily gain birth to end of test,heptadecanoic acid percentage,4,74.4,105.8 
370,158    74.4    105.8    1322.1    2078.1    0,1 development/product quality 
Average Daily Gain on test,carcass length,4,80.5,107.9 
444,958    72.0    74.4    1164.1    1238.2    0,1 development/product quality 
average daily gain (3-10 weeks),Percentage of backfat and leaf fat in carcass,4,57.0,79.3 
179,459    57.0    79.3    1469.0    1835.0    1,0 development/product quality 
average daily gain (3-10 weeks),conductivity 24 hours post mortem,4,74.4,81.0 
179,961    74.4    81.0    1322.1    1481.0    0,1 development/product quality 
average daily gain (3-10 weeks),Lean mass (weight),4,75.0,85.0 
179,813    75.0    85.0    1336.5    1577.3    0,1 development/product quality 
average daily gain (3-10 weeks),carcass length,4,79.3,98.0 
179,958    72.0    76.2    1164.1    1297.0    0,1 development/product quality 
average daily gain (3-10 weeks),lean percentage,4,74.4,81.0 
179,949    74.4    81.0    1322.1    1481.0    0,1 development/product quality 
average daily gain (3-10 weeks),heptadecanoic acid percentage,4,74.4,98.0 
179,158    74.4    98.0    1322.1    1890.3    0,1 development/product quality 
average daily gain (10-22 weeks),Percentage of backfat and leaf fat in carcass,4,58.0,79.3 
180,459    58.0    79.3    1485.4    1835.0    1,0 development/product quality 
average daily gain (10-22 weeks),conductivity 24 hours post mortem,4,74.4,81.0 
180,961    74.4    81.0    1322.1    1481.0    0,1 development/product quality 
average daily gain (10-22 weeks),Lean mass (weight),4,75.0,85.0 
180,813    75.0    85.0    1336.5    1577.3    0,1 development/product quality 
average daily gain (10-22 weeks),carcass length,4,79.3,86.0 
180,958    72.0    76.2    1164.1    1297.0    0,1 development/product quality 
average daily gain (10-22 weeks),lean percentage,4,74.4,81.0 
180,949    74.4    81.0    1322.1    1481.0    0,1 development/product quality 
body weight at 13 weeks of age,Percentage of backfat and leaf fat in carcass,4,57.0,79.0 
176,459    57.0    79.0    1469.0    1830.1    1,0 development/product quality 
body weight at 13 weeks of age,conductivity 24 hours post mortem,4,74.4,79.0 
176,961    74.4    79.0    1322.1    1440.3    0,1 development/product quality 
body weight at 13 weeks of age,Lean mass (weight),4,75.0,79.0 
176,813    75.0    79.0    1337.5    1440.3    0,1 development/product quality 
body weight at 13 weeks of age,carcass length,4,57.0,79.0 
176,958    72.0    76.2    1164.1    1297.0    0,1 development/product quality 
body weight at 13 weeks of age,lean percentage,4,74.4,79.0 
176,949    74.4    79.0    1322.1    1440.3    0,1 development/product quality 
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body weight at 17 weeks of age,Percentage of backfat and leaf fat in carcass,4,61.0,79.3 
177,459    61.0    79.3    1534.6    1835.0    1,0 development/product quality 
body weight at 17 weeks of age,conductivity 24 hours post mortem,4,74.4,81.0 
177,961    74.4    81.0    1322.1    1481.0    0,1 development/product quality 
body weight at 17 weeks of age,Lean mass (weight),4,75.0,83.0 
177,813    75.0    83.0    1336.5    1529.2    0,1 development/product quality 
body weight at 17 weeks of age,carcass length,4,79.3,83.0 
177,958    72.0    76.2    1164.1    1297.0    0,1 development/product quality 
body weight at 17 weeks of age,lean percentage,4,74.4,81.0 
177,949    74.4    81.0    1322.1    1481.0    0,1 development/product quality 
body weight at 22 weeks of age,Percentage of backfat and leaf fat in carcass,4,59.0,79.3 
178,459    59.0    79.3    1501.8    1835.0    1,0 development/product quality 
body weight at 22 weeks of age,conductivity 24 hours post mortem,4,74.4,81.0 
178,961    74.4    81.0    1322.1    1481.0    0,1 development/product quality 
body weight at 22 weeks of age,Lean mass (weight),4,75.0,84.0 
178,813    75.0    84.0    1336.5    1553.2    0,1 development/product quality 
body weight at 22 weeks of age,carcass length,4,79.3,84.0 
178,958    72.0    76.2    1164.1    1297.0    0,1 development/product quality 
body weight at 22 weeks of age,lean percentage,4,74.4,81.0 
178,949    74.4    81.0    1322.1    1481.0    0,1 development/product quality 
 
 
average daily gain birth to end of test,average daily gain weaning to 25 kg,4,27.1,79.3  
442,443    27.1    66.1    446.6    1281.8    1,0 development/development 
Average Daily Gain on test,average daily gain birth to end of test,4,80.5,105.8 
370,49    80.5    105.8    1671.9    2167.2    0,1 development/development 
442,444    41.8    66.1    724.8    1259.8    1,0 development/development 
 
 
feed conversion ratio,backfat (40 kg live weight),4,72.0,76.2 
200,963    72.0    76.2    1164.1    1297.0    0,1 production/product quality 
feed conversion ratio,backfat (60 kg live weight),4,72.0,76.2 
201,963    72.0    76.2    1164.1    1297.0    0,1 production/product quality 
feed conversion ratio,Percentage of backfat and leaf fat in carcass,4,72.0,76.2 
963,459    72.0    76.2    1164.1    1297.0    1,0 production/product quality 
feed conversion ratio,Lean mass (weight),4,75.0,76.2 
963,813    75.0    76.2    1339.6    1374.7    0,1 production/product quality 
feed conversion ratio,fat androstenone level at 120 days of age,4,72.0,76.2 
598,963    72.0    76.2    1164.1    1297.0    0,1 production/product quality 
feed conversion ratio,fat androstenone level at 140 days of age,4,72.0,76.2 
599,963    72.0    76.2    1164.1    1297.0    0,1 production/product quality 
feed conversion ratio,fat androstenone level at 160 days of age,4,72.0,76.2 
600,963    72.0    76.2    1164.1    1297.0    0,1 production/product quality 
feed conversion ratio,heptadecanoic acid percentage,4,74.4,76.2 
963,158    74.4    76.2    1322.1    1374.7    1,0 production/product quality 
feed conversion ratio,average daily gain weaning to 25 kg,4,72.0,76.2 
443,963    72.0    76.2    1164.1    1297.0    0,1 production/product quality 
feed conversion ratio,Average Daily Gain on test,4,72.0,74.4 
 
 
body weight at 22 weeks of age,Average Daily Gain on test,4,80.5,84.0 
444,963    72.0    74.4    1164.1    1238.2    0,1 production/development 
feed conversion ratio,average daily gain (3-10 weeks),4,72.0,76.2 
179,963    72.0    76.2    1164.1    1297.0    0,1 production/development 
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feed conversion ratio,average daily gain (10-22 weeks),4,72.0,76.2 
180,963    72.0    76.2    1164.1    1297.0    0,1 production/development 
feed conversion ratio,body weight at 13 weeks of age,4,72.0,76.2 
176,963    72.0    76.2    1164.1    1297.0    0,1 production/development 
feed conversion ratio,body weight at 17 weeks of age,4,72.0,76.2 
177,963    72.0    76.2    1164.1    1297.0    0,1 production/development 
feed conversion ratio,body weight at 22 weeks of age,4,72.0,76.2  
178,963    72.0    76.2    1164.1    1297.0    0,1 production/development 
 
 
ovulation rate,backfat (40 kg live weight),4,74.4,79.3 
200,491    74.4    79.3    1322.1    1448.0    0,1 reproduction/product quality 
ovulation rate,backfat (60 kg live weight),4,74.4,79.3 
201,491    74.4    79.3    1322.1    1448.0    0,1 reproduction/product quality 
ovulation rate,Percentage of backfat and leaf fat in carcass,4,74.4,79.3 
491,459    74.4    79.3    1322.1    1448.0    1,0 reproduction/product quality 
ovulation rate,subcutaneous fat depth,4,74.4,79.3 
491,632    74.4    79.3    1322.1    1448.0    1,0 reproduction/product quality 
ovulation rate,fat androstenone level at 120 days of age,4,74.4,79.3 
598,491    74.4    79.3    1322.1    1448.0    0,1 reproduction/product quality 
ovulation rate,fat androstenone level at 140 days of age,4,74.4,79.3 
599,491    74.4    79.3    1322.1    1448.0    0,1 reproduction/product quality 
ovulation rate,fat androstenone level at 160 days of age,4,74.4,79.3 
600,491    74.4    79.3    1322.1    1448.0    0,1 reproduction/product quality 
ovulation rate,heptadecanoic acid percentage,4,74.4,80.5 
158,491    74.4    80.5    1322.1    1469.0    0,1 reproduction/product quality 
 
 
ovulation rate,average daily gain weaning to 25 kg,4,74.4,79.3 
443,491    74.4    79.3    1322.1    1448.0    0,1 reproduction/development 
ovulation rate,average daily gain birth to end of test,4,74.4,80.5 
370,491    74.4    80.5    1322.1    1469.0    0,1 reproduction/development 
ovulation rate,average daily gain (3-10 weeks),4,74.4,80.5 
179,491    74.4    80.5    1322.1    1469.0    0,1 reproduction/development 
ovulation rate,average daily gain (10-22 weeks),4,74.4,80.5 
180,491    74.4    80.5    1322.1    1469.0    0,1 reproduction/development 
ovulation rate,body weight at 13 weeks of age,4,74.4,79.0 
176,491    74.4    79.0    1322.1    1440.3    0,1 reproduction/development 
ovulation rate,body weight at 17 weeks of age,4,74.4,80.5 
177,491    74.4    80.5    1322.1    1469.0    0,1 reproduction/development 
ovulation rate,body weight at 22 weeks of age,4,74.4,80.5 
178,491    74.4    80.5    1322.1    1469.0    0,1 reproduction/development 
 
ovulation rate,feed conversion ratio,4,74.4,76.2 
963,491    74.4    76.2    1322.1    1374.7    1,0 reproduction/production 
 
 
 
intensity taste,backfat (60 kg live weight),4,41.8,55.9 
201,161    41.8    55.9    724.8    859.1    0,0  product quality/product quality 
fat androstenone level at 120 days of age,intensity taste,4,41.8,55.9 
598,161    41.8    55.9    724.8    859.1    0,0  product quality/product quality 
fat androstenone level at 140 days of age,intensity taste,4,41.8,55.9 
599,161    41.8    55.9    724.8    859.1    0,0 product quality/product quality 
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fat androstenone level at 160 days of age,intensity taste,4,41.8,55.9 
600,161    41.8    55.9    724.8    859.1    0,0 product quality/product quality 
heptadecanoic acid percentage,backfat (40 kg live weight),4,74.4,79.3 
200,158    74.4    79.3    1322.1    1448.0    0,0 product quality/product quality 
heptadecanoic acid percentage,backfat (60 kg live weight),4,74.4,79.3 
201,158    74.4    79.3    1322.1    1448.0    0,0 product quality/product quality 
heptadecanoic acid percentage,Percentage of backfat and leaf fat in carcass,4,74.4,79.3 
158,459    74.4    79.3    1322.1    1448.0    0,0 product quality/product quality 
heptadecanoic acid percentage,subcutaneous fat depth,4,74.4,79.3 
158,632    74.4    79.3    1322.1    1448.0    0,0 product quality/product quality 
heptadecanoic acid percentage,fat androstenone level at 120 days of age,4,74.4,79.3 
598,158    74.4    79.3    1322.1    1448.0    0,0 product quality/product quality 
heptadecanoic acid percentage,fat androstenone level at 140 days of age,4,74.4,79.3 
599,158    74.4    79.3    1322.1    1448.0    0,0 product quality/product quality 
heptadecanoic acid percentage,fat androstenone level at 160 days of age,4,74.4,79.3 
600,158    74.4    79.3    1322.1    1448.0    0,0 product quality/product quality 
intensity taste,backfat (40 kg live weight),4,41.8,55.9 
200,161    41.8    55.9    724.8    859.1    0,0 product quality/product quality 
 
 
average daily gain weaning to 25 kg,heptadecanoic acid percentage,4,74.4,79.3 
443,158    74.4    79.3    1322.1    1448.0    0,0 development/product quality 
average daily gain birth to end of test,subcutaneous fat depth,4,55.9,79.3 
442,632    55.9    66.1    1450.9    1585.0    0,0 development/product quality 
average daily gain birth to end of test,carcass length,4,79.3,105.8 
442,637    55.9    66.1    1450.9    1585.0    0,0 development/product quality 
Average Daily Gain on test,conductivity 24 hours post mortem,4,80.5,81.0 
49,961    80.5    81.0    1671.9    1681.7    0,0 development/product quality 
Average Daily Gain on test,intensity taste,4,41.8,55.9 
444,161    41.8    55.9    724.8    859.1    0,0  development/product quality 
Average Daily Gain on test,Lean mass (weight),4,80.5,85.0 
49,813    80.5    85.0    1671.9    1760.0    0,0 development/product quality 
Average Daily Gain on test,lean percentage,4,80.5,81.0 
49,949    80.5    81.0    1671.9    1681.7    0,0 development/product quality 
average daily gain (3-10 weeks),carcass length,4,79.3,98.0 
179,460    79.3    98.0    1507.5    1930.5    0,0 development/product quality 
body weight at 13 weeks of age,heptadecanoic acid percentage,4,74.4,79.0 
176,158    74.4    79.0    1322.1    1440.3    0,0 development/product quality 
body weight at 17 weeks of age,carcass length,4,79.3,83.0 
177,460    79.3    83.0    1507.5    1591.2    0,0 development/product quality 
body weight at 17 weeks of age,heptadecanoic acid percentage,4,74.4,83.0 
177,158    74.4    83.0    1322.1    1529.2    0,0 development/product quality 
body weight at 22 weeks of age,carcass length,4,79.3,84.0 
178,460    79.3    84.0    1507.5    1613.8    0,0 development/product quality 
body weight at 22 weeks of age,heptadecanoic acid percentage,4,74.4,84.0 
178,158    74.4    84.0    1322.1    1553.2    0,0 development/product quality 
180,460    79.3    86.0    1507.5    1659.1    0,0 development/product quality 
average daily gain (10-22 weeks),heptadecanoic acid percentage,4,74.4,86.0 
180,158    74.4    86.0    1322.1    1601.4    0,0 development/product quality 
 
average daily gain (3-10 weeks),average daily gain birth to end of test,4,57.0,98.0  
179,442    57.0    66.1    1465.4    1585.0    0,0 development/development 
average daily gain (3-10 weeks),Average Daily Gain on test,4,57.0,74.4 
179,49    80.5    98.0    1671.9    2014.5    0,0 development/development 
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average daily gain (10-22 weeks),carcass length,4,79.3,86.0 
180,460    79.3    86.0    1507.5    1659.1    0,0 development/development 
average daily gain (10-22 weeks),average daily gain birth to end of test,4,58.0,86.0 
180,442    58.0    66.1    1478.5    1585.0    0,0 development/development 
average daily gain (10-22 weeks),Average Daily Gain on test,4,80.5,86.0 
180,49    80.5    86.0    1671.9    1779.6    0,0 development/development 
body weight at 3 weeks of age,average daily gain birth to end of test,4,54.0,99.0 
442,175    54.0    66.1    342.8    770.5    0,0  development/development 
body weight at 3 weeks of age,Average Daily Gain on test,4,80.5,99.0 
49,175    80.5    99.0    1671.9    2034.1    0,0 development/development  
body weight at 13 weeks of age,average daily gain birth to end of test,4,57.0,79.0 
442,176    57.0    66.1    1465.4    1585.0    0,0 development/development 
body weight at 17 weeks of age,average daily gain birth to end of test,4,61.0,83.0 
442,177    61.0    66.1    1518.0    1585.0    0,0 development/development 
body weight at 17 weeks of age,Average Daily Gain on test,4,80.5,83.0 
49,177    80.5    83.0    1671.9    1720.8    0,0 development/development 
body weight at 17 weeks of age,Average Daily Gain on test,4,61.0,74.4 
49,177    80.5    83.0    1671.9    1720.8    0,0 development/development 
body weight at 22 weeks of age,average daily gain birth to end of test,4,59.0,84.  
442,178    59.0    66.1    1491.7    1585.0    0,0 development/development 
body weight at 22 weeks of age,Average Daily Gain on test,4,80.5,84.0 
49,178    80.5    84.0    1671.9    1740.4    0,0 development/development 
 
 
====================================================================== 
 
Chr. 5 
 
backfat (40 kg live weight),backfat (17 weeks of age),5,72.3,88.2 
202,203    72.3    88.2    359.4    636.9    1,1  product quality/product quality 
backfat (60 kg live weight),backfat (17 weeks of age),5,72.3,88.2 
202,204    72.3    88.2    359.4    636.9    1,1  product quality/product quality 
backfat (60 kg live weight),backfat (40 kg live weight),5,72.3,88.2 
203,204    72.3    88.2    359.4    636.9    1,1  product quality/product quality 
 
======================================================================== 
 
Chr. 6 
 
backfat (17 weeks of age),backfat (13 weeks of age),6,62.8,80.2 
205,206    62.8    80.2    1079.8    1461.8    1,1 product quality/product quality 
Shoulder meat weight,backfat (13 weeks of age),6,75.3,78.4 
205,1008    75.3    78.4    222.0    363.7    1,1 product quality/product quality  
Shoulder meat weight,backfat (17 weeks of age),6,75.3,78.4 
206,1008    75.3    78.4    222.0    363.7    1,1 product quality/product quality 
 
 
 
body weight at 13 weeks of age,body weight at 3 weeks of age,6,124.0,154.0 
182,181    124.0    154.0    2749.0    3228.5    1,1 development/development 
body weight at 22 weeks of age,body weight at 17 weeks of age,6,72.3,125.0 
183,184    72.3    125.0    75.9    1960.2    1,1 development/development 
Loin and neck meat weight,backfat (13 weeks of age),6,75.3,78.4 
205,1003    75.3    78.4    222.0    363.7    1,1 development/development 
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Loin and neck meat weight,backfat (17 weeks of age),6,75.3,78.4 
206,1003    75.3    78.4    222.0    363.7    1,1 development/development 
body weight at 17 weeks of age,average daily gain (10-22 weeks),6,72.3,115.0 
186,183    72.3    115.0    76.3    1623.5    1,1 development/development 
body weight at 22 weeks of age,average daily gain (10-22 weeks),6,72.3,115.0 
186,184    72.3    115.0    76.3    1623.5    1,1 development/development 
 
 
body weight at 17 weeks of age,smell intensity,6,72.3,102.0 
183,688    72.3    102.0    100.4    1969.9    1,1 development/product quality 
 
 
smell intensity,backfat (13 weeks of age),6,62.8,80.2 
205,688    62.8    80.2    1079.8    1461.8    1,0 product quality/product quality 
smell intensity,backfat (17 weeks of age),6,62.8,80.2 
206,688    62.8    80.2    1079.8    1461.8    1,0 product quality/product quality 
Ham weight,backfat (13 weeks of age),6,75.3,78.4 
205,998    75.3    78.4    222.0    363.7    1,0  product quality/product quality 
Ham weight,backfat (17 weeks of age),6,75.3,78.4 
206,998    75.3    78.4    222.0    363.7    1,0  product quality/product quality 
 
 
average daily gain (10-22 weeks),backfat (13 weeks of age),6,62.8,80.2 
186,205    62.8    80.2    1079.8    1461.8    0,1 development/product quality 
average daily gain (10-22 weeks),backfat (17 weeks of age),6,62.8,80.2 
186,206    62.8    80.2    1079.8    1461.8    0,1 development/product quality 
average daily gain (10-22 weeks),smell intensity,6,62.8,102.0 
186,688    62.8    102.0    1079.8    2248.2    0,1 development/product quality 
body weight at 17 weeks of age,backfat (13 weeks of age),6,72.3,80.2 
205,183    72.3    80.2    99.5    589.2    1,0  development/product quality 
body weight at 17 weeks of age,backfat (17 weeks of age),6,72.3,80.2 
206,183    72.3    80.2    99.5    589.2    1,0  development/product quality 
body weight at 22 weeks of age,backfat (13 weeks of age),6,72.3,80.2 
205,184    72.3    80.2    99.5    589.2    1,0  development/product quality 
Loin and neck meat weight,average daily gain (10-22 weeks),6,75.3,78.4 
186,1003    75.3    78.4    222.0    363.7    0,1 product quality/development 
Loin and neck meat weight,body weight at 17 weeks of age,6,75.3,78.4 
183,1003    75.3    78.4    222.0    363.7    0,1 product quality/development 
Loin and neck meat weight,body weight at 22 weeks of age,6,75.3,78.4 
184,1003    75.3    78.4    222.0    363.7    0,1 product quality/development 
Shoulder meat weight,average daily gain (10-22 weeks),6,75.3,78.4 
186,1008    75.3    78.4    222.0    363.7    0,1 product quality/development 
Shoulder meat weight,body weight at 17 weeks of age,6,75.3,78.4 
183,1008    75.3    78.4    222.0    363.7    0,1 product quality/development 
Shoulder meat weight,body weight at 22 weeks of age,6,75.3,78.4 
184,1008    75.3    78.4    222.0    363.7    0,1 product quality/development 
body weight at 22 weeks of age,backfat (17 weeks of age),6,72.3,80.2 
206,184    72.3    80.2    99.5    589.2    1,0  development/product quality 
body weight at 22 weeks of age,smell intensity,6,72.3,102.0 
184,688    72.3    102.0    100.4    1969.9    0,1 development/product quality 
 
 
Fat-cut percentage,backfat (17 weeks of age),6,62.8,76.1 
206,997    62.8    76.1    1079.8    928.6    0,0 product quality/product quality 
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Fat-cut percentage,backfat (13 weeks of age),6,62.8,76.1 
205,997    62.8    76.1    1079.8    928.6    0,0 product quality/product quality 
 
 
average daily gain (10-22 weeks),Ham weight,6,75.3,78.4 
186,998    75.3    78.4    222.0    363.7    0,0  development/product quality 
body weight at 17 weeks of age,Fat-cut percentage,6,72.3,76.1 
183,997    72.3    76.1    84.0    254.3    0,0  development/product quality 
body weight at 17 weeks of age,Ham weight,6,75.3,78.4  
183,998    75.3    78.4    222.0    363.7    0,0  development/product quality 
body weight at 22 weeks of age,Fat-cut percentage,6,72.3,76.1 
184,997    72.3    76.1    84.0    254.3    0,0  development/product quality 
body weight at 22 weeks of age,Ham weight,6,75.3,78.4 
184,998    75.3    78.4    222.0    363.7    0,0  development/product quality 
average daily gain (10-22 weeks),Fat-cut percentage,6,62.8,76.1 
186,997    62.8    76.1    1079.8    928.6    0,0 development/product quality 
 
 
 
body weight at 17 weeks of age,body weight at 3 weeks of age,6,124.0,125.0 
183,181    124.0    125.0    2749.0    2765.0    0,0 development/development 
body weight at 17 weeks of age,body weight at 13 weeks of age,6,119.0,125.0 
182,183    119.0    125.0    2669.1    2765.0    0,0 development/development 
184,181    124.0    134.4    2749.0    2915.2    0,0 development/development 
body weight at 22 weeks of age,body weight at 13 weeks of age,6,119.0,134.4 
182,184    119.0    134.4    2669.1    2915.2    0,0 development/development 
body weight at 22 weeks of age,body weight at 3 weeks of age,6,124.0,134.4 
184,181    124.0    134.4    2749.0    2915.2    0,0 development/development 
 
========================================================================= 
 
Chr. 7 
 
backfat (17 weeks of age),backfat (13 weeks of age),7,48.2,70.1 
207,208    48.2    70.1    596.9    896.5    1,1  product quality/product quality 
backfat (22 weeks of age),backfat (13 weeks of age),7,48.2,70.1 
207,209    48.2    70.1    596.9    896.5    1,1  product quality/product quality 
backfat (22 weeks of age),backfat (17 weeks of age),7,48.2,70.1 
208,209    48.2    70.1    596.9    896.5    1,1  product quality/product quality 
backfat (40 kg live weight),backfat (13 weeks of age),7,48.2,70.1 
207,210    48.2    70.1    596.9    896.5    1,1  product quality/product quality 
backfat (40 kg live weight),backfat (17 weeks of age),7,48.2,70.1 
208,210    48.2    70.1    596.9    896.5    1,1  product quality/product quality 
backfat (40 kg live weight),backfat (22 weeks of age),7,48.2,70.1 
209,210    48.2    70.1    596.9    896.5    1,1  product quality/product quality 
backfat (60 kg live weight),backfat (13 weeks of age),7,48.2,70.1 
207,211    48.2    70.1    596.9    896.5    1,1  product quality/product quality 
backfat (60 kg live weight),backfat (17 weeks of age),7,48.2,70.1 
208,211    48.2    70.1    596.9    896.5    1,1  product quality/product quality 
backfat (60 kg live weight),backfat (22 weeks of age),7,48.2,70.1 
209,211    48.2    70.1    596.9    896.5    1,1  product quality/product quality 
backfat (60 kg live weight),backfat (40 kg live weight),7,48.2,70.1 
210,211    48.2    70.1    596.9    896.5    1,1  product quality/product quality 
leaf fat weight,backfat (13 weeks of age),7,48.2,70.1 
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207,39    48.2    70.1    596.9    896.5    1,1  product quality/product quality 
leaf fat weight,backfat (17 weeks of age),7,48.2,70.1 
208,39    48.2    70.1    596.9    896.5    1,1  product quality/product quality 
leaf fat weight,backfat (22 weeks of age),7,48.2,70.1 
209,39    48.2    70.1    596.9    896.5    1,1  product quality/product quality 
leaf fat weight,backfat (40 kg live weight),7,48.2,70.1 
210,39    48.2    70.1    596.9    896.5    1,1  product quality/product quality 
leaf fat weight,backfat (60 kg live weight),7,48.2,70.1 
211,39    48.2    70.1    596.9    896.5    1,1  product quality/product quality 
hot carcass weight,backfat (13 weeks of age),7,48.2,70.1 
207,3    48.2    70.1    596.9    896.5    1,1  product quality/product quality 
hot carcass weight,backfat (17 weeks of age),7,48.2,70.1 
208,3    48.2    70.1    596.9    896.5    1,1  product quality/product quality 
hot carcass weight,backfat (22 weeks of age),7,48.2,70.1 
209,3    48.2    70.1    596.9    896.5    1,1  product quality/product quality 
hot carcass weight,backfat (40 kg live weight),7,48.2,70.1 
210,3    48.2    70.1    596.9    896.5    1,1  product quality/product quality 
hot carcass weight,backfat (60 kg live weight),7,48.2,70.1 
211,3    48.2    70.1    596.9    896.5    1,1  product quality/product quality 
hot carcass weight,leaf fat weight,7,32.9,73.4 
3,39    32.9    73.4    419.5    1232.6    1,1  product quality/product quality 
207,366    48.2    70.1    596.9    896.5    1,1  product quality/product quality 
eye muscle depth,backfat (17 weeks of age),7,48.2,70.1 
208,366    48.2    70.1    596.9    896.5    1,1  product quality/product quality 
eye muscle depth,backfat (22 weeks of age),7,48.2,70.1 
209,366    48.2    70.1    596.9    896.5    1,1  product quality/product quality 
eye muscle depth,backfat (40 kg live weight),7,48.2,70.1 
210,366    48.2    70.1    596.9    896.5    1,1  product quality/product quality 
eye muscle depth,backfat (60 kg live weight),7,48.2,70.1 
211,366    48.2    70.1    596.9    896.5    1,1  product quality/product quality 
eye muscle depth,leaf fat weight,7,32.9,73.4 
366,39    32.9    73.4    419.5    1232.6    1,1  product quality/product quality 
eye muscle depth,hot carcass weight,7,30.2,81.5 
366,3    30.2    81.5    370.0    1860.5    1,1  product quality/product quality 
body weight at 17 weeks of age,body weight at 13 weeks of age,7,58.9,73.4 
188,189    58.9    73.4    934.0    1229.2    1,1 product quality/product quality 
 
body weight at 13 weeks of age,leaf fat weight,7,58.9,73.4 
188,39    58.9    73.4    934.0    1229.2    1,1  development/product quality 
body weight at 13 weeks of age,hot carcass weight,7,58.9,73.4 
188,3    58.9    73.4    934.0    1229.2    1,1  development/product quality 
body weight at 13 weeks of age,eye muscle depth,7,58.9,73.4 
188,366    58.9    73.4    934.0    1229.2    1,1 development/product quality 
body weight at 17 weeks of age,leaf fat weight,7,58.9,73.4 
189,39    58.9    73.4    934.0    1229.2    1,1  development/product quality 
body weight at 17 weeks of age,hot carcass weight,7,58.9,73.4 
189,3    58.9    73.4    934.0    1229.2    1,1  development/product quality 
body weight at 17 weeks of age,eye muscle depth,7,58.9,73.4 
189,366    58.9    73.4    934.0    1229.2    1,1 development/product quality 
body weight at 22 weeks of age,leaf fat weight,7,58.9,73.4 
190,39    58.9    73.4    934.0    1229.2    1,1  development/product quality 
body weight at 22 weeks of age,hot carcass weight,7,58.9,73.4 
190,3    58.9    73.4    934.0    1229.2    1,1  development/product quality 
body weight at 22 weeks of age,eye muscle depth,7,58.9,73.4 
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190,366    58.9    73.4    934.0    1229.2    1,1 development/product quality 
 
 
body weight at 22 weeks of age,body weight at 13 weeks of age,7,58.9,73.4 
188,190    58.9    73.4    934.0    1229.2    1,1 development/development  
body weight at 22 weeks of age,body weight at 17 weeks of age,7,58.9,73.4 
189,190    58.9    73.4    934.0    1229.2    1,1 development/development 
 
 
CK20,backfat (13 weeks of age),7,54.1,70.1  
207,1056    54.1    70.1    677.6    896.5    1,1 exterior/product quality 
CK20,backfat (17 weeks of age),7,54.1,70.1   
208,1056    54.1    70.1    677.6    896.5    1,1 exterior/product quality 
CK20,backfat (22 weeks of age),7,54.1,70.1   
209,1056    54.1    70.1    677.6    896.5    1,1 exterior/product quality 
CK20,backfat (40 kg live weight),7,54.1,70.1   
210,1056    54.1    70.1    677.6    896.5    1,1 exterior/product quality 
CK20,backfat (60 kg live weight),7,54.1,70.1   
211,1056    54.1    70.1    677.6    896.5    1,1 exterior/product quality 
CK20,leaf fat weight,7,54.1,70.1    
1056,39    54.1    70.1    677.6    896.5    1,1 exterior/product quality 
CK20,hot carcass weight,7,54.1,70.1     
1056,3    54.1    70.1    677.6    896.5    1,1 exterior/product quality 
CK20,eye muscle depth,7,54.1,70.1    
1056,366    54.1    70.1    677.6    896.5    1,1 exterior/product quality 
 
 
backfat weight,backfat (13 weeks of age),7,58.0,70.1 
207,1059    58.0    70.1    869.6    967.5    0,1 product quality/product quality 
backfat weight,backfat (17 weeks of age),7,58.0,70.1 
208,1059    58.0    70.1    869.6    967.5    0,1 product quality/product quality 
backfat weight,backfat (22 weeks of age),7,58.0,70.1 
209,1059    58.0    70.1    869.6    967.5    0,1 product quality/product quality 
backfat weight,backfat (40 kg live weight),7,58.0,70.1 
210,1059    58.0    70.1    869.6    967.5    0,1 product quality/product quality 
backfat weight,backfat (60 kg live weight),7,58.0,70.1 
211,1059    58.0    70.1    869.6    967.5    0,1 product quality/product quality  
 
 
body weight at 13 weeks of age,backfat (13 weeks of age),7,58.9,70.1 
207,188    58.9    70.1    934.0    997.9    0,1  development/product quality 
body weight at 13 weeks of age,backfat (17 weeks of age),7,58.9,70.1 
208,188    58.9    70.1    934.0    997.9    0,1  development/product quality 
body weight at 13 weeks of age,backfat (22 weeks of age),7,58.9,70.1 
209,188    58.9    70.1    934.0    997.9    0,1  development/product quality 
body weight at 13 weeks of age,backfat (40 kg live weight),7,58.9,70.1 
210,188    58.9    70.1    934.0    997.9    0,1  development/product quality 
body weight at 13 weeks of age,backfat (60 kg live weight),7,58.9,70.1 
211,188    58.9    70.1    934.0    997.9    0,1  development/product quality 
207,189    58.9    70.1    934.0    997.9    0,1  development/product quality 
body weight at 17 weeks of age,backfat (17 weeks of age),7,58.9,70.1 
208,189    58.9    70.1    934.0    997.9    0,1  development/product quality 
body weight at 17 weeks of age,backfat (22 weeks of age),7,58.9,70.1 
209,189    58.9    70.1    934.0    997.9    0,1  development/product quality 
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body weight at 17 weeks of age,backfat (40 kg live weight),7,58.9,70.1 
210,189    58.9    70.1    934.0    997.9    0,1  development/product quality 
body weight at 17 weeks of age,backfat (60 kg live weight),7,58.9,70.1 
211,189    58.9    70.1    934.0    997.9    0,1  development/product quality 
body weight at 22 weeks of age,backfat (13 weeks of age),7,58.9,70.1 
207,190    58.9    70.1    934.0    997.9    0,1  development/product quality 
body weight at 22 weeks of age,backfat (17 weeks of age),7,58.9,70.1 
208,190    58.9    70.1    934.0    997.9    0,1  development/product quality 
body weight at 22 weeks of age,backfat (22 weeks of age),7,58.9,70.1 
209,190    58.9    70.1    934.0    997.9    0,1  development/product quality 
body weight at 22 weeks of age,backfat (40 kg live weight),7,58.9,70.1 
210,190    58.9    70.1    934.0    997.9    0,1  development/product quality 
body weight at 22 weeks of age,backfat (60 kg live weight),7,58.9,70.1 
211,190    58.9    70.1    934.0    997.9    0,1  development/product quality 
 
 
 
CK20,body weight at 13 weeks of age,7,58.9,70.1  
188,1056    58.9    70.1    934.0    997.9    1,0 exterior/development 
CK20,body weight at 17 weeks of age,7,58.9,70.1  
189,1056    58.9    70.1    934.0    997.9    1,0 exterior/development 
CK20,body weight at 22 weeks of age,7,58.9,70.1  
190,1056    58.9    70.1    934.0    997.9    1,0 exterior/development 
 
 
hot carcass weight,belly percentage,7,82.8,90.1 
650,3    82.8    90.1    1070.3    1305.1    0,0  product quality/product quality 
 
 
 
=================================================================== 
 
Chr. 8 
 
Palmitoleic acid percentage,Palmitic acid percentage,8,60.4,112.3 
469,470    60.4    112.3    346.8    1570.7    1,1 product quality/product quality 
Average chain length,Palmitic acid percentage,8,60.4,112.3 
471,469    60.4    112.3    346.8    1570.7    1,1 product quality/product quality 
Average chain length,Palmitoleic acid percentage,8,60.4,112.3 
471,470    60.4    112.3    346.8    1570.7    1,1 product quality/product quality 
 
ovulation rate,Average chain length,8,60.4,107.5 
471,492    60.4    107.5    346.8    1457.5    1,1 reproduction/product quality 
 
 
conductivity 45 minutes post mortem,leaf fat weight,8,25.2,46.3 
1098,40    25.2    46.3    424.6    974.4    0,1 product quality/product quality 
Palmitic acid percentage,Trimmed whole-sale product / carcass weight,8,99.0,112.3 
469,17    99.0    112.3    1537.5    1721.2    0,1 product quality/product quality 
Palmitoleic acid percentage,Trimmed whole-sale product / carcass weight,8,99.0,112.3 
470,17    99.0    112.3    1537.5    1721.2    0,1 product quality/product quality 
Average chain length,loin eye area,8,99.0,105.9 
471,5    99.0    105.9    1537.5    1632.8    0,1 product quality/product quality 
Average chain length,Trimmed whole-sale product / carcass weight,8,99.0,112.3 
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471,17    99.0    112.3    1537.5    1721.2    0,1 product quality/product quality 
 
 
================================================================= 
 
Chr. 9 
 
N/A 
 
================================================================ 
 
Chr. 10 
 
Musculus semitendinosus (ST) weight,average daily gain (4-13 weeks),10,96.0,101.0 
280,1283    96.0    101.0    781.1    862.1    1,1 product quality/development 
 
=============================================================== 
 
Chr. 11 
 
N/A 
 
================================================================ 
 
Chr. 12 
 
backfat depth at last rib,backfat thickness at last rib,12,16.7,64.7 
1121,1124    16.7    64.7    138.6    288.6    1,1 product quality/product quality 
Linolenic acid percentage,backfat thickness at last rib,12,16.7,62.8 
1124,473    16.7    62.8    138.2    277.2    1,1 product quality/product quality 
Linolenic acid percentage,backfat depth at last rib,12,16.7,62.8 
1121,473    16.7    62.8    138.2    277.2    1,1 product quality/product quality 
 
 
Heart weight,color score,12,84.2,95.8 
112,1125    84.2    95.8    327.3    539.3    1,0 product quality/product quality 
 
 
Number of nipples,color score,12,84.2,95.8  
112,595    84.2    95.8    327.3    539.3    1,0 reproduction/product quality 
Number of nipples,Heart weight,12,80.2,95.8 
1125,595    80.2    95.8    160.7    490.1    0,1 reproduction/product quality 
 
================================================================ 
 
Chr. 13 
 
ovulation rate,backfat weight,13,27.9,35.4 
1132,493    27.9    35.4    529.3    941.9    0,0 reproduction/product quality 
 
=============================================================  
 
Chr. 14 
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Trimmed whole-sale product / carcass weight,Trimmed whole-sale product / live weight,14,27.8,41.5
      
18,14    27.8    41.5    740.7    2058.1    1,1  product quality/product quality  
fat androstenone level at 100 days of age,loin eye area,14,22.3,60.0 
606,7    22.3    60.0    486.4    2605.7    1,1  product quality/product quality 
fat androstenone level at 100 days of age,Trimmed whole-sale product / live weight,14,22.3,41.5  
606,14    22.3    41.5    508.4    2117.4    1,1  product quality/product quality 
fat androstenone level at 100 days of age,Trimmed whole-sale product / carcass weight,14,27.8,57.9 
606,18    27.8    57.9    740.7    2909.7    1,1  product quality/product quality 
fat androstenone level at 120 days of age,loin eye area,14,22.3,60.0 
607,7    22.3    60.0    486.4    2605.7    1,1  product quality/product quality 
fat androstenone level at 120 days of age,Trimmed whole-sale product / live weight,14,22.3,41.5 
607,14    22.3    41.5    508.4    2117.4    1,1  product quality/product quality 
fat androstenone level at 120 days of age,Trimmed whole-sale product / carcass weight,14,27.8,57.9 
607,18    27.8    57.9    740.7    2909.7    1,1  product quality/product quality 
fat androstenone level at 120 days of age,fat androstenone level at 100 days of age,14,22.3,60.0 
606,607    22.3    60.0    486.4    2605.7    1,1 product quality/product quality  
fat androstenone level at 140 days of age,loin eye area,14,22.3,60.0 
608,7    22.3    60.0    486.4    2605.7    1,1  product quality/product quality 
fat androstenone level at 140 days of age,Trimmed whole-sale product / live weight,14,22.3,41.5 
608,14    22.3    41.5    508.4    2117.4    1,1  product quality/product quality 
fat androstenone level at 140 days of age,Trimmed whole-sale product / carcass weight,14,27.8,57.9 
608,18    27.8    57.9    740.7    2909.7    1,1  product quality/product quality 
fat androstenone level at 140 days of age,fat androstenone level at 100 days of age,14,22.3,60.0 
606,608    22.3    60.0    486.4    2605.7    1,1 product quality/product quality 
fat androstenone level at 140 days of age,fat androstenone level at 120 days of age,14,22.3,60.0 
607,608    22.3    60.0    486.4    2605.7    1,1 product quality/product quality 
fat androstenone level at 160 days of age,loin eye area,14,22.3,60.0 
609,7    22.3    60.0    486.4    2605.7    1,1  product quality/product quality 
fat androstenone level at 160 days of age,Trimmed whole-sale product / live weight,14,22.3,41.5 
609,14    22.3    41.5    508.4    2117.4    1,1  product quality/product quality 
fat androstenone level at 160 days of age,Trimmed whole-sale product / carcass weight,14,27.8,57.9 
609,18    27.8    57.9    740.7    2909.7    1,1  product quality/product quality 
fat androstenone level at 160 days of age,fat androstenone level at 100 days of age,14,22.3,60.0 
606,609    22.3    60.0    486.4    2605.7    1,1 product quality/product quality 
fat androstenone level at 160 days of age,fat androstenone level at 120 days of age,14,22.3,60.0 
607,609    22.3    60.0    486.4    2605.7    1,1 product quality/product quality 
fat androstenone level at 160 days of age,fat androstenone level at 140 days of age,14,22.3,60.0 
608,609    22.3    60.0    486.4    2605.7    1,1 product quality/product quality 
 
 
 
Shoulder meat weight,Trimmed whole-sale product / carcass weight,14,46.3,57.9 
1155,18    46.3    57.9    2519.7    3155.1    0,0 product quality/product quality 
Shoulder meat weight,fat androstenone level at 100 days of age,14,46.3,60.0 
606,1155    46.3    60.0    2519.7    3064.5    0,0 product quality/product quality 
Shoulder meat weight,fat androstenone level at 120 days of age,14,46.3,60.0 
607,1155    46.3    60.0    2519.7    3064.5    0,0 product quality/product quality 
Shoulder meat weight,fat androstenone level at 140 days of age,14,46.3,60.0 
608,1155    46.3    60.0    2519.7    3064.5    0,0 product quality/product quality 
Shoulder meat weight,fat androstenone level at 160 days of age,14,46.3,60.0 
609,1155    46.3    60.0    2519.7    3064.5    0,0 product quality/product quality 
 
============================================================== 
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Chr. 15 
 
backfat depth at last rib,backfat (average) thickness,15,34.6,47.4 
1174,1176    34.6    47.4    678.1    1223.5    1,1 product quality/product quality 
backfat at tenth rib,backfat (average) thickness,15,34.6,47.4 
1174,1175    34.6    47.4    678.1    1223.5    1,1 product quality/product quality 
backfat at tenth rib,backfat depth at last rib,15,34.6,47.4 
1175,1176    34.6    47.4    678.1    1223.5    1,1 product quality/product quality 
 
---------------------------------------------------------------------------------------------------------------------------------------
-------------------------------------------------- 
 
chr16 pig 
 
N/A 
 
---------------------------------------------------------------------------------------------------------------------------------------
-------------------------------------------------- 
 
chr17 pig 
 
N/A 
 
---------------------------------------------------------------------------------------------------------------------------------------
-------------------------------------------------- 
 
chr18 pig 
 
N/A 
 
---------------------------------------------------------------------------------------------------------------------------------------
-------------------------------------------------- 
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Section 2.  The following section summarizes the totals for the overlapping pairs of classifications.  
The categories include reproduction (Repro), product quality (Prod. Q), development (Develop), 
immune function (Imm. Fun.), exterior (Exteriior), and production (Production).  A number indicates 
the total number of overlapping pairs for a group of classifications and an X indicates that nothing was 
found for a group of classifications. 
 
 
 
Chr. 1  1:1 (significant pleiotropic effect) 
 
 Repro Prod. Q Develop Imm. Fun. Exterior Production 
Repro X X X X X X 
Prod. Q. X 13 X X X X 
Develop X 43 19 X X X 
Imm. Fun. X X X X X X 
Exterior X X X X X X 
Production X X X X X X 
 
Chr. 1  1:0 or 0:1 (suggestive pleiotropic effect) 
 
 Repro Prod. Q Develop Imm. Fun. Exterior Production 
Repro X X X X X X 
Prod. Q. X 11 X X X X 
Develop X 15 X X X X 
Imm. Fun. X X X X X X 
Exterior X X X X X X 
Production X X X X X X 
 
Chr. 1 0:0 (minimal pleiotropic effect) 
 
 Repro Prod. Q Develop Imm. Fun. Exterior Production 
Repro X X X X X X 
Prod. Q. X X X X X X 
Develop X X X X X X 
Imm. Fun. X X X X X X 
Exterior X X X X X X 
Production X X X X X X 
 
Chr. 2 1:1 
 Repro Prod. Q Develop Imm. Fun. Exterior Production 
Repro X X X X X X 
Prod. Q. 1 20 X X X X 
Develop X X X X X X 
Imm. Fun. X X X X X X 
Exterior X X X X X X 
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Production X X X X X X 
 
Chr. 2 1:0 or 0:1 
 Repro Prod. Q Develop Imm. Fun. Exterior Production 
Repro X X X X X X 
Prod. Q. X 5 2 X X X 
Develop X X X X X X 
Imm. Fun. X X X X X X 
Exterior X X X X X X 
Production X X X X X X 
 
Chr. 2 0:0 
 Repro Prod. Q Develop Imm. Fun. Exterior Production 
Repro X X X X X X 
Prod. Q. X 4 1 X X X 
Develop X X X X X X 
Imm. Fun. X X X X X X 
Exterior X X X X X X 
Production X X X X X X 
 
Chr. 3 1:1 
 Repro Prod. Q Develop Imm. Fun. Exterior Production 
Repro X X X X X X 
Prod. Q. X 3 3 X X X 
Develop X X X X X X 
Imm. Fun. X X X X X X 
Exterior X X X X X X 
Production X X X X X X 
 
Chr. 3 1:0 or 0:1 
 Repro Prod. Q Develop Imm. Fun. Exterior Production 
Repro X X X X X X 
Prod. Q. X X 1 X X X 
Develop X X X X X X 
Imm. Fun. X X X X X X 
Exterior X X X X X X 
Production X X X X X X 
 
Chr. 3 0:0 
 Repro Prod. Q Develop Imm. Fun. Exterior Production 
Repro X X X X X X 
Prod. Q. X X 2 X X X 
Develop X X 1 X X X 
Imm. Fun. X X X X X X 
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Exterior X X X X X X 
Production X X X X X X 
 
Chr. 4 1:1 
 Repro Prod. Q Develop Imm. Fun. Exterior Production 
Repro X X X X X X 
Prod. Q. 3 28 71 X X 3 
Develop X X 37 X X 1 
Imm. Fun. X X X X X X 
Exterior X X X X X X 
Production X X X X X X 
 
Chr. 4 1:0 or 0:1 
 Repro Prod. Q Develop Imm. Fun. Exterior Production 
Repro X 8 7 X X 1 
Prod. Q. X 27 X X X X 
Develop X 45 3 X X X 
Imm. Fun. X X X X X X 
Exterior X X X X X X 
Production X 9 6 X X X 
 
Chr. 4 0:0 
 Repro Prod. Q Develop Imm. Fun. Exterior Production 
Repro X X X X X X 
Prod. Q. X 12 X X X X 
Develop X 15 13 X X X 
Imm. Fun. X X X X X X 
Exterior X X X X X X 
Production X X X X X X 
 
Chr. 5 1:1 
 Repro Prod. Q Develop Imm. Fun. Exterior Production 
Repro X X X X X X 
Prod. Q. X 3 X X X X 
Develop X X X X X X 
Imm. Fun. X X X X X X 
Exterior X X X X X X 
Production X X X X X X 
 
Chr. 5 1:0 or 0:1 
 Repro Prod. Q Develop Imm. Fun. Exterior Production 
Repro X X X X X X 
Prod. Q. X X X X X X 
Develop X X X X X X 
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Imm. Fun. X X X X X X 
Exterior X X X X X X 
Production X X X X X X 
 
Chr. 5 0:0 
 Repro Prod. Q Develop Imm. Fun. Exterior Production 
Repro X X X X X X 
Prod. Q. X X X X X X 
Develop X X X X X X 
Imm. Fun. X X X X X X 
Exterior X X X X X X 
Production X X X X X X 
 
Chr. 6 1:1 
 Repro Prod. Q Develop Imm. Fun. Exterior Production 
Repro X X X X X X 
Prod. Q. X 3 X X X X 
Develop X 1 6 X X X 
Imm. Fun. X X X X X X 
Exterior X X X X X X 
Production X X X X X X 
 
Chr. 6 1:0 or 0:1 
 Repro Prod. Q Develop Imm. Fun. Exterior Production 
Repro X X X X X X 
Prod. Q. X 4 X X X X 
Develop X 14 X X X X 
Imm. Fun. X X X X X X 
Exterior X X X X X X 
Production X X X X X X 
 
Chr. 6 0:0 
 Repro Prod. Q Develop Imm. Fun. Exterior Production 
Repro X X X X X X 
Prod. Q. X 2 X X X X 
Develop X 6 5 X X X 
Imm. Fun. X X X X X X 
Exterior X X X X X X 
Production X X X X X X 
 
Chr. 7 1:1 
 Repro Prod. Q Develop Imm. Fun. Exterior Production 
Repro X X X X X X 
Prod. Q. X 29 X X X X 
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Develop X 9 2 X X X 
Imm. Fun. X X X X X X 
Exterior X 8 X X X X 
Production X X X X X X 
 
Chr. 7 1:0 or 0:1 
 Repro Prod. Q Develop Imm. Fun. Exterior Production 
Repro X X X X X X 
Prod. Q. X 5 X X X X 
Develop X 15 X X X X 
Imm. Fun. X X X X X X 
Exterior X X 3 X X X 
Production X X X X X X 
 
Chr. 7 0:0 
 Repro Prod. Q Develop Imm. Fun. Exterior Production 
Repro X X X X X X 
Prod. Q. X 1 X X X X 
Develop X X X X X X 
Imm. Fun. X X X X X X 
Exterior X X X X X X 
Production X X X X X X 
 
Chr. 8 1:1 
 Repro Prod. Q Develop Imm. Fun. Exterior Production 
Repro X 1 X X X X 
Prod. Q. X 3 X X X X 
Develop X X X X X X 
Imm. Fun. X X X X X X 
Exterior X X X X X X 
Production X X X X X X 
 
Chr. 8 1:0 or 0:1 
 Repro Prod. Q Develop Imm. Fun. Exterior Production 
Repro X X X X X X 
Prod. Q. X 5 X X X X 
Develop X X X X X X 
Imm. Fun. X X X X X X 
Exterior X X X X X X 
Production X X X X X X 
 
Chr. 8 0:0 
 Repro Prod. Q Develop Imm. Fun. Exterior Production 
Repro X X X X X X 
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Prod. Q. X X X X X X 
Develop X X X X X X 
Imm. Fun. X X X X X X 
Exterior X X X X X X 
Production X X X X X X 
 
Chr. 9 1:1 
 Repro Prod. Q Develop Imm. Fun. Exterior Production 
Repro X X X X X X 
Prod. Q. X X X X X X 
Develop X X X X X X 
Imm. Fun. X X X X X X 
Exterior X X X X X X 
Production X X X X X X 
 
Chr. 9 1:0 or 0:1 
 Repro Prod. Q Develop Imm. Fun. Exterior Production 
Repro X X X X X X 
Prod. Q. X X X X X X 
Develop X X X X X X 
Imm. Fun. X X X X X X 
Exterior X X X X X X 
Production X X X X X X 
 
Chr. 9 0:0 
 Repro Prod. Q Develop Imm. Fun. Exterior Production 
Repro X X X X X X 
Prod. Q. X X X X X X 
Develop X X X X X X 
Imm. Fun. X X X X X X 
Exterior X X X X X X 
Production X X X X X X 
 
Chr. 10 1:1 
 Repro Prod. Q Develop Imm. Fun. Exterior Production 
Repro X X X X X X 
Prod. Q. X X 1 X X X 
Develop X X X X X X 
Imm. Fun. X X X X X X 
Exterior X X X X X X 
Production X X X X X X 
 
 
 
 
 151 
Chr. 10 1:0 or 0:1 
 Repro Prod. Q Develop Imm. Fun. Exterior Production 
Repro X X X X X X 
Prod. Q. X X X X X X 
Develop X X X X X X 
Imm. Fun. X X X X X X 
Exterior X X X X X X 
Production X X X X X X 
 
Chr. 10 0:0 
 Repro Prod. Q Develop Imm. Fun. Exterior Production 
Repro X X X X X X 
Prod. Q. X X X X X X 
Develop X X X X X X 
Imm. Fun. X X X X X X 
Exterior X X X X X X 
Production X X X X X X 
 
Chr. 11 1:1 
 Repro Prod. Q Develop Imm. Fun. Exterior Production 
Repro X X X X X X 
Prod. Q. X X X X X X 
Develop X X X X X X 
Imm. Fun. X X X X X X 
Exterior X X X X X X 
Production X X X X X X 
 
Chr. 11 1:0 or 0:1 
 Repro Prod. Q Develop Imm. Fun. Exterior Production 
Repro X X X X X X 
Prod. Q. X X X X X X 
Develop X X X X X X 
Imm. Fun. X X X X X X 
Exterior X X X X X X 
Production X X X X X X 
 
Chr. 11 0:0 
 Repro Prod. Q Develop Imm. Fun. Exterior Production 
Repro X X X X X X 
Prod. Q. X X X X X X 
Develop X X X X X X 
Imm. Fun. X X X X X X 
Exterior X X X X X X 
Production X X X X X X 
 
 152 
Chr. 12 1:1 
 Repro Prod. Q Develop Imm. Fun. Exterior Production 
Repro X X X X X X 
Prod. Q. X 3 X X X X 
Develop X X X X X X 
Imm. Fun. X X X X X X 
Exterior X X X X X X 
Production X X X X X X 
 
Chr. 12 1:0 or 0:1 
 Repro Prod. Q Develop Imm. Fun. Exterior Production 
Repro X 2 X X X X 
Prod. Q. X 1 X X X X 
Develop X X X X X X 
Imm. Fun. X X X X X X 
Exterior X X X X X X 
Production X X X X X X 
 
Chr. 12 0:0 
 Repro Prod. Q Develop Imm. Fun. Exterior Production 
Repro X X X X X X 
Prod. Q. X X X X X X 
Develop X X X X X X 
Imm. Fun. X X X X X X 
Exterior X X X X X X 
Production X X X X X X 
 
Chr. 13 1:1 
 Repro Prod. Q Develop Imm. Fun. Exterior Production 
Repro X X X X X X 
Prod. Q. X X X X X X 
Develop X X X X X X 
Imm. Fun. X X X X X X 
Exterior X X X X X X 
Production X X X X X X 
 
Chr. 13 1:0 or 0:1 
 Repro Prod. Q Develop Imm. Fun. Exterior Production 
Repro X X X X X X 
Prod. Q. X X X X X X 
Develop X X X X X X 
Imm. Fun. X X X X X X 
Exterior X X X X X X 
Production X X X X X X 
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Chr. 13 0:0 
 Repro Prod. Q Develop Imm. Fun. Exterior Production 
Repro X 1 X X X X 
Prod. Q. X X X X X X 
Develop X X X X X X 
Imm. Fun. X X X X X X 
Exterior X X X X X X 
Production X X X X X X 
 
Chr. 14 1:1 
 Repro Prod. Q Develop Imm. Fun. Exterior Production 
Repro X X X X X X 
Prod. Q. X 19 X X X X 
Develop X X X X X X 
Imm. Fun. X X X X X X 
Exterior X X X X X X 
Production X X X X X X 
 
 
Chr. 14 1:0 or 0:1 
 Repro Prod. Q Develop Imm. Fun. Exterior Production 
Repro X X X X X X 
Prod. Q. X X X X X X 
Develop X X X X X X 
Imm. Fun. X X X X X X 
Exterior X X X X X X 
Production X X X X X X 
 
Chr. 14 0:0 
 Repro Prod. Q Develop Imm. Fun. Exterior Production 
Repro X X X X X X 
Prod. Q. X 5 X X X X 
Develop X X X X X X 
Imm. Fun. X X X X X X 
Exterior X X X X X X 
Production X X X X X X 
 
Chr. 15 1:1 
 Repro Prod. Q Develop Imm. Fun. Exterior Production 
Repro X X X X X X 
Prod. Q. X 3 X X X X 
Develop X X X X X X 
Imm. Fun. X X X X X X 
Exterior X X X X X X 
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Production X X X X X X 
 
Chr. 15 1:0 or 0:1 
 Repro Prod. Q Develop Imm. Fun. Exterior Production 
Repro X X X X X X 
Prod. Q. X X X X X X 
Develop X X X X X X 
Imm. Fun. X X X X X X 
Exterior X X X X X X 
Production X X X X X X 
 
Chr. 15 0:0 
 Repro Prod. Q Develop Imm. Fun. Exterior Production 
Repro X X X X X X 
Prod. Q. X X X X X X 
Develop X X X X X X 
Imm. Fun. X X X X X X 
Exterior X X X X X X 
Production X X X X X X 
 
 
Chr. 16 1:1 
 Repro Prod. Q Develop Imm. Fun. Exterior Production 
Repro X X X X X X 
Prod. Q. X X X X X X 
Develop X X X X X X 
Imm. Fun. X X X X X X 
Exterior X X X X X X 
Production X X X X X X 
 
Chr. 16 1:0 or 0:1 
 Repro Prod. Q Develop Imm. Fun. Exterior Production 
Repro X X X X X X 
Prod. Q. X X X X X X 
Develop X X X X X X 
Imm. Fun. X X X X X X 
Exterior X X X X X X 
Production X X X X X X 
 
Chr. 16 0:0 
 Repro Prod. Q Develop Imm. Fun. Exterior Production 
Repro X X X X X X 
Prod. Q. X X X X X X 
Develop X X X X X X 
Imm. Fun. X X X X X X 
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Exterior X X X X X X 
Production X X X X X X 
 
Chr. 17 1:1 
 Repro Prod. Q Develop Imm. Fun. Exterior Production 
Repro X X X X X X 
Prod. Q. X X X X X X 
Develop X X X X X X 
Imm. Fun. X X X X X X 
Exterior X X X X X X 
Production X X X X X X 
 
Chr. 17 1:0 or 0:1 
 Repro Prod. Q Develop Imm. Fun. Exterior Production 
Repro X X X X X X 
Prod. Q. X X X X X X 
Develop X X X X X X 
Imm. Fun. X X X X X X 
Exterior X X X X X X 
Production X X X X X X 
 
 
Chr. 17 0:0 
 Repro Prod. Q Develop Imm. Fun. Exterior Production 
Repro X X X X X X 
Prod. Q. X X X X X X 
Develop X X X X X X 
Imm. Fun. X X X X X X 
Exterior X X X X X X 
Production X X X X X X 
 
Chr. 18 1:1 
 Repro Prod. Q Develop Imm. Fun. Exterior Production 
Repro X X X X X X 
Prod. Q. X X X X X X 
Develop X X X X X X 
Imm. Fun. X X X X X X 
Exterior X X X X X X 
Production X X X X X X 
 
Chr. 18 1:0 or 0:1 
 Repro Prod. Q Develop Imm. Fun. Exterior Production 
Repro X X X X X X 
Prod. Q. X X X X X X 
Develop X X X X X X 
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Imm. Fun. X X X X X X 
Exterior X X X X X X 
Production X X X X X X 
 
Chr. 18 0:0 
 Repro Prod. Q Develop Imm. Fun. Exterior Production 
Repro X X X X X X 
Prod. Q. X X X X X X 
Develop X X X X X X 
Imm. Fun. X X X X X X 
Exterior X X X X X X 
Production X X X X X X 
 
Combined 
 
Concordinant Nonconcodinant 
1:1 191 141 
1:0 or 0:1 61 128 
0:0 43 25 
 
 
 
 
 
Section 3.  This section includes the data which was used for the logistic regression 
analysis.  It includes the marker, trait name, centimorgan location, and classification.  This 
data comes from traits associated with a peak value from chromosome 1 of the pig. 
 
| SW216     | loin eye area (measured at 13 weeks of age)      | 82.4        
| product quality 
| SW373     | average daily gain                               | 119.5       
| development 
| SW373     | backfat (average) thickness                      | 119.5       
| product quality 
| S0008     | Average backfat                                  | 43.5        
| product quality 
| S0008     | loin eye area                                    | 43.5        
| product quality 
| S0008     | Ham weight                                       | 43.5        
| product quality 
| SW705     | Total Vertebra number.                           | 122.6       
| product quality 
| SW705     | Longissimus muscle length                        | 122.6       
| product quality 
| SW705     | fat ratio (percentage)                           | 122.6       
|  product quality 
| SW780     | Back fat at rump.                                | 81          
| product quality 
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| SW780     | backfat (average) thickness                      | 81          
|  product quality 
| SW974     | carcass length                                   | 102.9       
| development 
| SW974     | Average daily gain between weaning and slaughter | 102.9       
|  development 
| SW962     | backfat weight                                   | 80.5        
|  product quality 
| SWR982    | Last lumbar backfat                              | 86.2        
|  product quality 
| SW1301    | Last-rib back fat                                | 140.5       
| development 
| SW1301    | body weight at 3 weeks of age                    | 140.5       
| development 
| SW1301    | body weight at 13 weeks of age                   | 140.5       
| development 
| SW1301    | body weight at 17 weeks of age                   | 140.5       
| development 
| SW1301    | average daily gain (3-10 weeks)                  | 140.5       
| product quality 
| SW1301    | backfat (13 weeks of age)                        | 140.5       
| product quality 
| SW1301    | backfat (17 weeks of age)                        | 140.5       
| product quality 
| SW1301    | backfat (22 weeks of age)                        | 140.5       
| product quality 
| SW1301    | backfat (40 kg live weight)                      | 140.5       
| product quality 
| SW1301    | backfat (60 kg live weight)                      | 140.5       
| product quality 
| SW1301    | Average daily gain - 3-10 weeks                  | 140.5       
| development 
| SW1301    | body weight at 10 weeks of age                   | 140.5       
| development 
| SW1301    | body weight at 13 weeks of age                   | 140.5       
| development 
| SW1301    | body weight at 17 weeks of age                   | 140.5       
| development 
| SW1332    | Inguinal Hernia                                  | 29.2        
| reproduction 
| S0112     | Early growth rate                                | 121.3       
| development 
| S0113     | Last-rib back fat                                | 80.5        
| product quality 
| SW1431    | Ham weight                                       | 81          
| product quality 
| SW1616    | marbling                                         | 69.3        
| product quality 
| SW1616    | total lipid                                      | 69.3        
| product quality 
| SW1824    | pH for Biceps Femoris                            | 3           
| product quality 
| SW1851    | tenth-rib back fat                               | 44.6        
| development 
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| SW2185    | average daily gain                               | 67.6        
| product quality 
| SW2185    | backfat (average) thickness                      | 67.6        
| product quality 
| S0056     | loin eye area                                    | 127.1       
| product quality 
| S0056     | trimmed whole-sale product / live weight         | 127.1       
| product quality 
| S0056     | trimmed whole-sale product / carcass weight      | 127.1       
| product quality 
| S0056     | Average backfat                                  | 127.1       
| product quality 
| S0056     | drip loss                                        | 127.1       
| product quality 
| ESRPVU    | litter size                                      | 19          
| reproduction 
| ESRPVU    | litter size                                      | 19          
| reproduction 
| S0082     | Feed Intake                                      | 79.4        
  
 production 
    
 
Section 4.  This section includes the supplementary logistic regression results from Table 1 
that is mentioned in the paper (Ch. 4) 
 
Chromosome 1:   
                                          Response Profile 
 
                                Ordered                        Total 
                                  Value     Concordant     Frequency 
 
                                      1            0             494 
                                      2            1             452 
 
                                               Standard          Wald 
                Parameter    DF    Estimate       Error    Chi-Square    Pr > ChiSq 
 
                Intercept     1     -0.1142      0.0666        2.9412        0.0863 
                Distance      1     0.00220     0.00115        3.6778        0.0551 
 
Chromosome 2: 
                                         Response Profile 
 
                                Ordered                        Total 
                                  Value     Concordant     Frequency 
 
                                      1            0             536 
                                      2            1             592 
 
                                               Standard          Wald 
                Parameter    DF    Estimate       Error    Chi-Square    Pr > ChiSq 
 
                Intercept     1      0.0442      0.0620        0.5086        0.4757 
                Distance      1     0.00317    0.000934       11.5166        0.0007 
 
Chromosome 3: 
                                          Response Profile 
 
                                Ordered                        Total 
                                  Value     Concordant     Frequency 
 
                                      1            0              50 
                                      2            1              55 
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                                               Standard          Wald 
                Parameter    DF    Estimate       Error    Chi-Square    Pr > ChiSq 
 
                Intercept     1      0.1049      0.1967        0.2843        0.5939 
                Distance      1     0.00214     0.00456        0.2193        0.6396 
 
Chromosome 4: 
                                          Response Profile 
 
                                Ordered                        Total 
                                  Value     Concordant     Frequency 
 
                                      1            0            1338 
                                      2            1            1290 
 
                                               Standard          Wald 
                Parameter    DF    Estimate       Error    Chi-Square    Pr > ChiSq 
 
                Intercept     1      0.0362      0.0413        0.7708        0.3800 
                Distance      1    -0.00737     0.00131       31.7109        <.0001 
 
Chromosome 5: 
                                          Response Profile 
 
                                Ordered                        Total 
                                  Value     Concordant     Frequency 
 
                                      1            0              42 
                                      2            1              78 
 
                                               Standard          Wald 
                Parameter    DF    Estimate       Error    Chi-Square    Pr > ChiSq 
 
                Intercept     1      0.8839      0.2367       13.9408        0.0002 
                Distance      1     -0.0113     0.00505        5.0291        0.0249 
 
Chromosome 6: 
                                          Response Profile 
 
                                Ordered                        Total 
                                  Value     Concordant     Frequency 
 
                                      1            0             452 
                                      2            1             583 
 
                                               Standard          Wald 
                Parameter    DF    Estimate       Error    Chi-Square    Pr > ChiSq 
 
                Intercept     1      0.2549      0.0652       15.2840        <.0001 
                Distance      1    -0.00004     0.00155        0.0006        0.9807 
 
Chromosome 7: 
                                          Response Profile 
 
                                Ordered                        Total 
                                  Value     Concordant     Frequency 
 
                                      1            0             555 
                                      2            1             985 
 
                                               Standard          Wald 
                Parameter    DF    Estimate       Error    Chi-Square    Pr > ChiSq 
 
                Intercept     1      0.5735      0.0535      114.8098        <.0001 
                Distance      1    -0.00003     0.00155        0.0003        0.9858 
 
Chromosome 8: 
                                          Response Profile 
 
                                Ordered                        Total 
                                  Value     Concordant     Frequency 
 
                                      1            0             105 
                                      2            1              66 
 
                                               Standard          Wald 
                Parameter    DF    Estimate       Error    Chi-Square    Pr > ChiSq 
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                Intercept     1     -0.5743      0.1702       11.3855        0.0007 
                Distance      1     0.00641     0.00310        4.2823        0.0385 
 
Chromosome 9: 
 
                                Ordered                        Total 
                                  Value     Concordant     Frequency 
 
                                      1            0              53 
                                      2            1              38 
 
                                               Standard          Wald 
                Parameter    DF    Estimate       Error    Chi-Square    Pr > ChiSq 
 
                Intercept     1     -0.3334      0.2132        2.4442        0.1180 
                Distance      1    -0.00012     0.00296        0.0017        0.9671 
 
Chromosome 10: 
                                          Response Profile 
 
                                Ordered                        Total 
                                  Value     Concordant     Frequency 
 
                                      1            0              24 
                                      2            1              12 
 
                                               Standard          Wald 
                Parameter    DF    Estimate       Error    Chi-Square    Pr > ChiSq 
 
                Intercept     1     -1.0574      0.5201        4.1339        0.0420 
                Distance      1     0.00947     0.00915        1.0694        0.3011 
 
Chromosome 12: 
                                          Response Profile 
 
                                Ordered                        Total 
                                  Value     Concordant     Frequency 
 
                                      1            0              18 
                                      2            1              18 
 
                                               Standard          Wald 
                Parameter    DF    Estimate       Error    Chi-Square    Pr > ChiSq 
 
                Intercept     1     -0.1776      0.3688        0.2320        0.6300 
                Distance      1      0.0163     0.00783        4.3314        0.0374 
 
Chromosome 13: 
                                          Response Profile 
 
                                Ordered                        Total 
                                  Value     Concordant     Frequency 
 
                                      1            0             136 
                                      2            1              74 
 
                                               Standard          Wald 
                Parameter    DF    Estimate       Error    Chi-Square    Pr > ChiSq 
 
                Intercept     1     -0.6085      0.1445       17.7423        <.0001 
                Distance      1    -0.00054     0.00256        0.0449        0.8321 
 
Chromosome 15: 
                                          Response Profile 
 
                                Ordered                        Total 
                                  Value     Concordant     Frequency 
 
                                      1            0              81 
                                      2            1             172 
 
                                               Standard          Wald 
                Parameter    DF    Estimate       Error    Chi-Square    Pr > ChiSq 
 
                Intercept     1      1.1916      0.1899       39.3547        <.0001 
                Distance      1     -0.0151     0.00405       13.8903        0.0002 
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Chromosome 17: 
                                          Response Profile 
 
                                Ordered                        Total 
                                  Value     Concordant     Frequency 
 
                                      1            0              25 
                                      2            1              11 
 
                                               Standard          Wald 
                Parameter    DF    Estimate       Error    Chi-Square    Pr > ChiSq 
 
                Intercept     1     -0.6783      0.3997        2.8809        0.0896 
                Distance      1    -0.00686     0.00871        0.6199        0.4311 
 
 
 
Table 1.  logistic regression results for chromosomes 1, 2, 3, 4, 
5, 6, 7, 8, 9, 10, 12, 13, 15, and 17.  Notice that chromosome 18 has been left 
out because there was not sufficient information to calculate a maximum 
likelihood estimate.  At an alpha level of .05, the output below shows that we expect smaller 
distances between peaks to be significantly related to concordant pairs of traits in 
chromosomes 2, 4, 5, 8, 12, and 15.  
 
 
 
